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ABSTRACT
Kotenko, Jane L . , M.A.,  August,  1976. Botany.
The Autecology and Reproduct ive Biology o f  
Marsi l ea v e s t i t a  Hook, e t .  Grev. (125 pp. )
D i r ec t o r :  David E. Bi l derback i9,€.^
The opt imal  condi t i ons f o r  the vegetat i ve and reproduct i ve 
growth o f  Marsi lea v e s t i t a  Hook. e t .  Grev. were cor re l a ted wi t h  
so i l  moisture content .  The he t e r ophy l l i c  and he te rob l as t i c  
l e a f  condi t i ons  o f  Marsi lea were observed in the f i e l d .  The 
l obi ng o f  land form leaves was also observed. Germinat ion o f  
completely matured,  black sporocarps occurred by the thousands 
onl y  i n  June along the shore o f  Nine-Pipe Reservoi r .  The 
v i a b i l i t y  o f  sporocarps i s  not  cor re l a ted to the envi ronmental  
condi t i ons i n  which they developed. The v i a b i l i t y  o f  matur ing,  
brown sporocarps was s i g n i f i c a n t l y  lower than the completely 
matured sporocarps due to the i n a b i l i t y  o f  the sorophore to 
f unc t i on  proper l y .  A heat t reatment  o f  matur ing sporocarps 
enabled the sorophore to work c o r r e c t l y .  Freezing the matur ing 
sporocarps before a heat t reatment  i n h i b i t e d  the sorophore from 
exuding from the sporocarp.  A pH 4.2 a f f ec t s  the v i a b i l i t y  o f  
the sperm, whi l e  a pH 5.8 i s  opt imal  f o r  sperm v i a b i l i t y .  The 
sporocarp wal l  o f  matur ing sporocarps i s  not  impervious to the 
external  envi ronment .  The maturat ion process o f  sporocarps 
invol ves a wet condi t i on f o r  i n i t i a t i o n ,  a dry per iod to 
enable the sorophore to f unc t i on  proper l y ,  and a length o f  
t ime f o r  s u f f i c i e n t  deposi t i on o f  mater i a l s  i n the sporocarp 
wal l  t o  i nsure imperviousness to the external  envi ronment.
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CHAPTER I 
INTRODUCTION
The genus Mars i l e a , an a q u a t i c  p t e r i d o p h y t e , has 
been i n v a l u a b l e  as an e x p e r i m e n t a l  p l a n t  f o r  t h e  s t u d y  
o f  t h e  m o r p h o g e n e s i s  o f  v e g e t a t i v e  s t r u c t u r e s  due t o  t h e i r  
h e t e r o p h y l l i e  and h e t e r o b l a s t i c  c h a r a c t e r i s t i c s  ( A l l s o p p ,  
19 51 ,  1 9 5 3 ,  19 5 3 a ,  1 9 5 4 ,  1 9 56 ,  1959 ,  1 9 60 ,  19 62 ,  19 63 ,  
19 6 9 ;  G a u d e t ,  19 63 ,  1 9 6 4 ,  1 9 64 a ,  1965 ,  1 9 6 9 ;  L a e t s c h  and 
B r i g g s ,  1 9 6 1 ,  1 9 6 3 ;  L a e t s c h ,  1 9 62 ;  W h i t e ,  1966 ,  1968 ,  
1 9 7 1 ) .  However ,  l i t t l e  a t t e n t i o n  has been p a i d  t o  t h e  
e c o l o g y  o f  t h i s  genus ( B h a r d w a j a , 1 955 ; G o p a l , 1 9 70 ,  1971 ; 
J a l a n ,  1 9 5 8 ;  Sharma,  1957)  and more s p e c i f i c a l l y ,  even 
l e s s  i s  known a b o u t  t h e  r e p r o d u c t i v e  s t r a t e g y  o f  M a r s i 1e a . 
The c o m p l e t e  s e x u a l  l i f e  c y c l e  o f  M a r s i 1ea has n e v e r  been 
s t u d i e d  p r e v i o u s l y  i n  n a t u r e .
O b j e c t i  ves
The f i r s t  o b j e c t i v e  o f  t h i s  s t u d y  was t o  c o l l e c t  
s y s t e m a t i c  f i e l d  d a t a  on t h e  g r o w t h  and r e p r o d u c t i v e  
c o n d i t i o n s  o f  M a r s i 1ea v e s t i t a  Hook.  e t .  G r e v . The second 
o b j e c t i v e  was t o  c o l l e c t  q u a l i t a t i v e  f i e l d  d a t a  on a l l  
s t a g e s  i n  t h e  s e x u a l  l i f e  c y c l e  o f  M. v e s t i t a . T h i r d l y ,  
u s i n g  l a b o r a t o r y  s t u d i e s ,  t h e  v i a b i l i t y  o f  M a r s i 1e a ' s
1
2
r e p r o d u c t i v e  s t r u c t u r e ,  t h e  s p o r o c a r p  was i n v e s t i g a t e d  
i n  r e l a t i o n  t o  t h e  g r o w t h  c o n d i t i o n s  o f  t h e  p l a n t .  The 
f o u r t h  and f i n a l  o b j e c t i v e  was t o  c o n d u c t  l a b o r a t o r y  
s t u d i e s  i n v e s t i g a t i n g  f a c t o r s  r e s p o n s i b l e  f o r  t h e  m a t u r a ­
t i o n  and g e r m i n a t i o n  o f  t h e  s p o r o c a r p . P r e v i o u s l y ,  o n l y  
t h r e e  s t u d i e s  c o n c e r n i n g  t h e  m a t u r a t i o n  o f  t h e  s p o r o c a r p  
have been r e p o r t e d  ( B h a r d w a j a  and Sen,  1 9 6 6 ;  B l oom,  1 9 5 5 ,  
1 9 6 1 ) .
L o c a t i o n  o f  S t u d y  Ar ea
To a c c o m p l i s h  t h e s e  f o u r  o b j e c t i v e s ,  a p o p u l a t i o n  o f  
M. v e s t i t a  g r o w i n g  a l o n g  t h e  s h o r e  o f  a r e s e r v o i r  l o c a t e d  
on N i n e - P i p e  N a t i o n a l  W i l d l i f e  R e f u g e ,  C h a r i o , Mo n t a n a ,  
T . 2 0 . N ,  R . 20 . W,  S e c t i o n s  27 and 34 ,  l o n g i t u d e  1 1 4 ° 0 7 * ,  
and l a t i t u d e  4 7 ° 2 7 '  was s e l e c t e d  f o r  t h i s  s t u d y .  The 
r e s e r v o i r  i s  l o c a t e d  i n  t h e  F l a t h e a d  V a l l e y  o f  n o r t h ­
w e s t e r n  Mo n t an a .  The M i s s i o n  M o u n t a i n  Range,  r i s i n g  t e n  
m i l e s  t o  t h e  E a s t ,  i s  t h e  main s o u r c e  o f  w a t e r  f o r  t h e  
r e s e r v o i r .  To t h e  West  a r e  l ow r o l l i n g  h i l l s  (See F i g u r e  
1 ) .  The e l e v a t i o n  o f  t h e  man-made r e s e r v o i r  i s  9 1 7 . 4  m 
above sea l e v e l  and has a h o l d i n g  c a p a c i t y  o f  1 8 , 6 8 7 . 2 2  
km^ (See F i g u r e  2 ) .  The w a t e r  o f  t h e  r e s e r v o i r  s e r v e s  
a d u a l  p u r p o s e ,  t h a t  o f  i r r i g a t i n g  t h e  f a r m l a n d  i n  t h e  
v a l l e y  and as a n e s t i n g  a r e a  f o r  m i g r a t i n g  w a t e r f o w l .
The w a t e r  l e v e l  i s  r e g u l a t e d  a c c o r d i n g l y  by t h e  r e f u g e  
management  f o r  t h e s e  p u r p o s e s .
F i g u r e  1.  L o c a t i o n  o f  N i n e - P i p e  R e s e r v o i r  i n  Montana
I DAHO MONTANA
Flathead Lake
Nine-Pipe q  ^  
Reservoi r { Mission M t .  Range
# Missoula
Figure 2. Locat i on of  the s tudy areas a t  the r e s e r v o i r
F igure 3. De t a i l ed  map o f  the study areas.
s t u d y  areas
H i g h w a y  2 I 2
Nine - Pipe 
Rese rv o i  r
Hi ghwa y  2 12
s e r v o i r ^ | - P o n d  study area
-R e se rv o i r  s tudy area
-Adjacent pond s tudy area 
|W|-Adjacent reservoi r  study area
^ ^ - A r e a  of large accumulat ion 
of Phase 3 sporocarps 
+  - C u l v e r t
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F l a t h e a d  v a l l e y  i s  a r e l a t i v e l y  d r y  i n t e r m o u n t a i n  
v a l l e y  w i t h  r e l a t i v e l y  h i g h  summer t e m p e r a t u r e s  and l o w 
w i n t e r  t e m p e r a t u r e s .  C l i m a t i c  d a t a  f o r  t h e  v a l l e y ,  
r e c o r d e d  a t  P o i s o n ,  M o n t a n a ,  a p p r o x i m a t e l y  s i x t e e n  m i l e s  
n o r t h  o f  t h e  r e s e r v o i r ,  a r e  summar i zed  i n  A p p e n d i x  A.
To o b t a i n  t h e  f i r s t  o b j e c t i v e ,  two s t u d y  a r e a s  were 
c hosen  f o r  s a m p l i n g  q u a n t i t a t i v e  d a t a  on t h e  r e p r o d u c t i v e  
and v e g e t a t i v e  c h a r a c t e r i s t i c s  o f  Mars i l e a . One s t u d y  
a r e a ,  d e s i g n a t e d  as t h e  pond s t u d y  a r e a ,  i s  l o c a t e d  on 
t h e  e a s t - f a c i n g  s l o p e  o f  a pond i n  t h e  n o r t h w e s t  c o r n e r  
o f  t h e  r e s e r v o i r ,  s e p a r a t e d  f r o m  t h e  mai n r e s e r v o i r  by 
H i ghway  212 and c o n n e c t e d  t o  t h e  mai n  r e s e r v o i r  by a 
c u l v e r t  CSee F i g u r e s  2 and 3 ) .  The o t h e r  s t u d y  a r e a ,  
d e s i g n a t e d  as t h e  r e s e r v o i r  s t u d y  a r e a ,  i s  l o c a t e d  on a 
S o u t h - f a c i n g  s l o p e ,  d i r e c t l y  a c r o s s  Hi ghway  212 f r o m  t h e  
pond s t u d y  a r e a ,  a l s o  i n  t h e  n o r t h w e s t e r n  p a r t  o f  t h e  
r e s e r v o i r  (See F i g u r e s  2 and 3 ) .
Q u a l i t a t i v e  d a t a  was a l s o  t a k e n  i n  a r e a s  a d j a c e n t  
t o  t h e  two s t u d y  a r e a s .  These a r e a s  a r e  i n d i c a t e d  i n  
F i g u r e  3 and wer e  d e s i g n a t e d  as a d j a c e n t  pond and r e s e r ­
v o i r  s t u d y  a r e a s .
CHAPTER I I  
METHODS AND MATERIALS
I n  o r d e r  t o  i n v e s t i g a t e  t h e  a u t e c o l o g y  o f  M a r s i 1ea 
v e s t i  t a  > a s y s t e m o f  t r a n s e c t s  was i mposed on a p o p u l a t i o n  
g r o w i n g  a l o n g  t h e  r e s e r v o i r  i n  t h e  s t u d y  a r e a s . Two t r a n ­
s e c t  l i n e s  were  c o n s t r u c t e d  p e r p e n d i c u l a r  t o  t h e  s h o r e  
l i n e  i n  t h e  pond s t u d y  a r e a  and one t r a n s e c t  l i n e  was 
c o n s t r u c t e d  p e r p e n d i c u l a r  t o  t h e  s h o r e  l i n e  i n  t h e  r e s e r ­
v o i r  s t u d y  a r e a .  Two r e f e r e n c e  s t a k e s  wer e  p l a c e d  f o r  
each t r a n s e c t  l i n e  ups 1 ope f r o m  t h e  w a t e r  t o  a l l o w  f o r  
r e - l o c a t i o n  o f  t h e  t r a n s e c t  l i n e s  t h r o u g h o u t  t h e  s a m p l i n g  
s e a s o n .  The two r e f e r e n c e  s t a k e s  f o r  T r a n s e c t  1 a r e  
l o c a t e d  2 1 . 6 4  m n o r t h  f r o m  t h e  f e n c e  l i n e  w h i c h  r u n s  
p a r a l l e l  t o  H i ghway  212 ,  on t h e  w e s t  s h o r e  o f  t h e  pond .
The two r e f e r e n c e  s t a k e s  f o r  T r a n s e c t  2 a r e  l o c a t e d  51.21 
m n o r t h  f r o m  t h e  same f e n c e  l i n e  a l s o  on t h e  w e s t  s h o r e  
o f  t h e  pond .  The two r e f e r e n c e  s t a k e s  f o r  T r a n s e c t  3 a r e  
p o s i t i o n e d  4 4 . 2 0  m e a s t  o f  t h e  i n t e r s e c t i o n  o f  t h e  d i k e  
r o a d  and H i ghway  212 .
Zones were  c o n s t r u c t e d  a l o n g  t h e  t r a n s e c t  l i n e s  
p a r a l l e l  t o  t h e  s h o r e .  On June 1 and 4 ,  1975 ,  a s t a k e  
was p l a c e d  a t  t h e  w a t e r  l e v e l  on each t r a n s e c t  l i n e  and
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d e s i g n a t e d  as t h e  u p p e r  b o u n d a r y  o f  zone 4.  T h i s  zone 
b o u n d a r y  was 1 0 . 9 7 ,  4 . 2 7 ,  and 2 . 7 4  m f r o m  t h e  n e a r e s t  
r e f e r e n c e  s t a k e  i n  T r a n s e c t s  1,  2 ,  and 3 r e s p e c t i v e l y .
Each zone o f  T r a n s e c t s  1 and 2 a r e  1 . 2 2  m w i d e  and 1 5 . 2  m 
l o n g  and each zone o f  T r a n s e c t  3 i s  0 . 91  m w i d e  and 1 5 . 2  m 
l o n g .  Due t o  t h e  d i f f e r e n c e  i n  t h e  a n g l e  o f  t h e  s l o p e s  
i n  b o t h  s t u d y  a r e a s ,  t h e  s l o p e  i n  t h e  pond s t u d y  a r e a  
b e i n g  a p p r o x i m a t e l y  15°  and t h e  s l o p e  i n  t h e  r e s e r v o i r  
s t u d y  a r e a  b e i n g  a p p r o x i m a t e l y  2 5 ° ,  t h e  w i d t h s  o f  t h e  
zones  wer e  a d j u s t e d  t o  a s s u r e  t h a t  t h e  s i m i l a r l y  numbered 
zones  wer e  submerged  d u r i n g  t h e  same p e r i o d  o f  t h e  s a m p l i n g  
p e r i o d .  Zones i n  each t r a n s e c t  l i n e  were  c o n s t r u c t e d  
a d j a c e n t  t o  each o t h e r  ups 1 ope i n  r e l a t i o n  t o  zone 4 w i t h  
t h e  t r a n s e c t  l i n e  r u n n i n g  t h r o u g h  t h e  m i d d l e  o f  each zone .
T h r e e  s o i l  samp l es  were  t a k e n  f r o m  each zone on t h e  
s a m p l i n g  t r i p  o f  O c t o b e r  11,  1975.  Two samp l es  were  t a k e n  
f r o m  each end o f  t h e  zone and one f r o m  t h e  m i d d l e  o f  t h e  
z o n e .  A hand s h o v e l  was used t o  t a k e  t h e  s a m p l e s ,  each 
w i t h  a v o l ume o f  10 cm by 10 cm by 10 cm. Each sampl e  
was p l a c e d  i n  a p a p e r  bag ,  b r o u g h t  back t o  t h e  U n i v e r s i t y  
o f  Mon t ana  and l e f t  t o  d r y  c o m p l e t e l y  a t  room t e m p e r a t u r e .  
A f t e r  d r y i n g ,  t h e  samp l e  was g r o u n d  w i t h  a m o r t a r  and 
p e s t l e ,  a f t e r  r e m o v i n g  as much p l a n t  m a t e r i a l  as p o s s i b l e ,  
and p u t  t h r o u g h  a 0 .991  mm mesh s i e v e .  The m a t e r i a l  
r e t a i n e d  i n  t h e  s i e v e  was p l a c e d  i n  a p a p e r  bag ,  w e i g h e d .
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and r e c o r d e d  and c l a s s i f i e d  as g r a v e l  and v e r y  c o a r s e  
s a n d .  The r e s t  o f  t h e  s o i l  was t h e n  p u t  t h r o u g h  a 0 . 2 4 6  
mm mesh s i e v e .  The m a t e r i a l  r e t a i n e d  was p l a c e d  i n  a 
p a p e r  ba g ,  w e i g h e d ,  and r e c o r d e d  and c l a s s i f i e d  as medium 
t o  c o a r s e  sand .  A t  t h i s  p o i n t ,  a l l  o f  t h e  s p o r o c a r p s  i n  
t h e  s o i l  we r e  r emoved and c o u n t e d  and s t o r e d  i n  a s e p a r a t e  
bag.  The r e m a i n i n g  s o i l ,  c o n s i s t i n g  o f  f i n e  sand t o  c l a y  
was used i n  t h e  s o i l  a n a l y s i s  o f  t h e  z o n e s .  The s o i l  
p a r t i c l e s  we r e  c l a s s i f i e d  u s i n g  t h e  S o i l  S u r v e y  M a n u a l , 
A g r i c u l t u r e  Handbook No.  18,  U. S.  D e p a r t m e n t  o f  A g r i c u l t u r e .  
T h r e e  s amp l e s  o f  f i n e  sand t o  c l a y  f o r  each zone were  
c omb i n ed  and m i x e d  and a p p r o x i m a t e l y  250 grams o f  each 
comb i ned  samp l e  were  s e n t  t o  Montana S o i l  T e s t i n g  L a b o r a ­
t o r y ,  P l a n t  and S o i l  S c i e n c e  D e p a r t m e n t ,  Montana S t a t e  
U n i v e r s i t y ,  Bozeman,  Mon t ana  f o r  a n a l y s i s  o f  pH,  o r g a n i c  
m a t t e r  c o n t e n t ,  n i t r a t e - n i t r o g e n , p h o s p h o r u s ,  and s o i l  
t e x t u r e .  Samples f r o m  zones  1 and 4 o f  T r a n s e c t s  1,  2 
and 3 wer e  s e n t  f o r  a n a l y s i s  t h e  l a s t  week i n  O c t o b e r .
Upon c o n s i d e r a t i o n  o f  t h e  r e s u l t s  o f  t h i s  a n a l y s i s ,  
s a m p l e s ,  p r e p a r e d  by t h e  method p r e v i o u s l y  d e s c r i b e d ,  
were  s e n t  f r o m  zones  2 and 3 o f  T r a n s e c t s  1,  2 and 3 t h e  
s econd  week i n  December  t o  t h e  same s o i l  t e s t i n g  l a b o r a t o r y .
To samp l e  f o r  r e p r o d u c t i v e  and v e g e t a t i v e  c h a r a c t e r ­
i s t i c s  o f  Mars i l e a , a c i r c u l a r  me t a l  q u a d r a t ,  9 . 8  cm i n  
d i a m e t e r ,  w i t h  an a r e a  o f  7 5 . 4  cm was p l a c e d  a t  random
n
i n  each zone t e n  t i m e s  f o r  t h e  f i r s t  s a m p l i n g  p e r i o d .
The number  o f  t i m e s  t h e  q u a d r a t  was p l a c e d  p e r  zone was 
m o d i f i e d  t o  f i v e  o r  s i x  t i m e s  as t h e  g r o w i n g  season 
p r o g r e s s e d  and t h e  b i omass  i n c r e a s e d .  I t  was v i s u a l l y  
o b v i o u s  wh e r e  t h e  q u a d r a t  had been p l a c e d  d u r i n g  t h e  
p r e v i o u s  s a m p l i n g  p e r i o d  and such a r e a s  were  e x c l u d e d  
f r o m  f u t u r e  s a m p l i n g .
The d a t a  t a k e n  p e r  q u a d r a t  c o n s i s t e d  o f  c o u n t i n g  t h e  
number  o f  s p o r o c a r p s  i n  t h e  t o p  1 cm and on t h e  s u r f a c e  
o f  t h e  s o i l  and t h e  number  o f  l i v i n g  l e a v e s  p r e s e n t .
The v a r i o u s  o b s e r v e d  t y p e s  o f  s p o r o c a r p s  wer e  p l a c e d  i n t o  
f o u r  p h a s e s :
Phase 1 -  Young g r e e n  s p o r o c a r p s ,  s o f t  s p o r o c a r p  
w a l l ,  w i t h  a b u n d a n t  w h i t e  h a i r s  on 
e n t i r e  w a l l  s u r f a c e .  Raphe i s  g r e e n .
Phase 2 -  M a t u r i n g  l i g h t  brown s p o r o c a r p s ,  ha r d  
s p o r o c a r p  w a l l ,  w i t h  a b u n d a n t  w h i t e  
h a i r s  on e n t i r e  w a l l  s u r f a c e .  Raphe 
i s  r e d d i s h  b r own .
Phase 3 -  M a t u r e d  b l a c k  s p o r o c a r p s ,  h a r d  s p o r o ­
c a r p  w a l l ,  l a c k i n g  h a i r s  on t h e  w a l l  
s u r f a c e .  Raphe i s  b l a c k .
Phase 4 -  S p o r o c a r p s  t h a t  have begun t o  d e t e r ­
i o r a t e ,  o r  have a b o r t e d  e a r l y  i n  
d e v e l o p m e n t .
Phase 1,  2 ,  and 3 s p o r o c a r p s  were  o n l y  c o u n t e d  i f  t h e y  
were  a t t a c h e d  t o  t h e  p l a n t .  F i g u r e  4 I l l u s t r a t e s  t h e  
n a t u r e  o f  Phase 2 and 3 s p o r o c a r p s .
F i g u r e  4.  a.  Phase 2 s p o r o c a r p s .
b.  Phase 3 s p o r o c a r p s .
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Q u a d r a t  d a t a  a l s o  was t a k e n  w i t h  r e s p e c t  t o  t h e  
a n g l e  o f  t h e  s l o p e  b e n e a t h  t h e  q u a d r a t ,  t h e  t e x t u r e  o f  
t h e  s o i l  i n  t h e  q u a d r a t ,  and t h e  p e r c e n t  c o v e r a g e  o f  
o t h e r  p l a n t s  i n  t h e  q u a d r a t .  The a s p e c t  o f  t h e  a r e a  o f  
t h e  q u a d r a t  was a l s o  r e c o r d e d .
The l e v e l  o f  t h e  w a t e r  was m o n i t o r e d  by p l a c i n g  a 
wooden s t a k e  a t  t h e  edge o f  t h e  w a t e r  i n  t h e  pond o f  t h e  
pond s t u d y  a r e a .  The s a m p l i n g  d a t e s  d u r i n g  w h i c h  t h e  
above d a t a  was t a k e n  a r e  summar i zed  i n  T a b l e  1.  O t h e r  
s a m p l i n g  d a t e s  i n v o l v e d  t a k i n g  q u a l i t a t i v e  d a t a .  The d a t a  
c o l l e c t e d  t h r o u g h  q u a d r a t  s a m p l i n g  was s t a t i s t i c a l l y  
a n a l y z e d  by d e t e r m i n i n g  mean v a l u e s  and c o n s t r u c t i n g  
c o n f i d e n c e  i n t e r v a l s  a r o u n d  t h e  means.  The c o m p u t e r  
p r o g r a m  used i s  l i s t e d  i n  A p p e n d i x  B.
T a b l e  1
S a m p l i n g  Da tes  f o r  T r a n s e c t s  1,  2 ,  and 3 I n v o l v i n g  
Q u a n t i t a t i v e  Data  Taken on S p o r o c a r p s  and L e a f  Numbers
T r a n s e c t  1 
S a m p l i n g  No. Da te  1975
1
2
3
4
5
6
June 1 
June 15 
A u g u s t  9 
A u g u s t  26 
S e p t e mb e r  2 0  
O c t o b e r  13
T r a n s e c t  2 
Da te  1975 
June 2 
June 15 
A u g u s t  9 
A u g u s t  26 
Sep t emb er  2 0  
O c t o b e r  13
T r a n s e c t  3 
Date  1975 
June 4 
June 22 
A u g u s t  14 
A u g u s t  27 
Sep t ember  23 
O c t o b e r  11
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D u r i n g  t h e  A u g u s t  1 4 t h  s a m p l i n g  t r i p ,  q u a n t i t a t i v e  d a t a  
we r e  t a k e n  on t h e  l e n g t h  o f  p e t i o l e s  and l e n g t h  o f  t h e  
l o n g e s t  a t t a c h e d  l e a f l e t  and t h e  number  o f  l o b e s  o f  t h e  
l e a f l e t s .  To do t h i s ,  a q u a d r a t  was p l a c e d  e v e r y  1 . 2 2  m 
a l o n g  T r a n s e c t  1 b e g i n n i n g  a t  t h e  r e f e r e n c e  s t a k e  n e a r e s t  
t h e  w a t e r .  E i g h t  q u a d r a t s  r e s u l t e d  f r o m  t h i s  s a m p l i n g ,  
b e g i n n i n g  w i t h  Q1 n e a r e s t  t h e  r e f e r e n c e  s t a k e  t o  Q8 
n e a r e s t  t h e  w a t e r ,  and t h e  d a t a  was s t a t i s t i c a l l y  a n a l y z e d  
by l i n e a r  r e g r e s s i o n  u s i n g  t h e  S t a t l O . S t a  p r o g r a m on t h e  
U n i v e r s i t y  o f  M o n t a n a ' s  DecSystem 10 u n i t .  The p r o g r a m ,  
m o d i f i e d  by J . M.  L a n g ,  i s  l i s t e d  i n  A p p e n d i x  C. Q u a l i t a ­
t i v e  o b s e r v a t i o n s  were  made on t h e  d i f f e r e n t  l e a f  f o r ms  
g r o w i n g  d u r i n g  t h e  summer .  P h o t o g r a p h s  were  t a k e n  o f  t h e  
s ub mer g ed ,  l a n d ,  and f l o a t i n g  f o r m  l e a v e s .
To a c h i e v e  t h e  second  o b j e c t i v e ,  o b s e r v a t i o n s  were 
made on t h e  number  o f  g e r m i n a t i n g  s p o r o c a r p s  i n  t h e  f i e l d .  
These d a t a  were o b t a i n e d  by w a l k i n g  a l o n g  t h e  s h o r e  o f  
t h e  s t u d y  and a d j a c e n t  s t u d y  a r e a s  and c o u n t i n g  t h e  number  
o f  g e r m i n a t e d  s p o r o c a r p s .
On t h e  s a m p l i n g  t r i p  o f  O c t o b e r  1 1 t h ,  c o l l e c t i o n s  o f  
5 0 - 7 0  Phase 2 and 3 s p o r o c a r p s  f r o m  t h e  s u r f a c e  and t o p  
1 cm o f  s o i l  o f  each zone i n  each t r a n s e c t  were  made.  The 
s p o r o c a r p s  were  p l a c e d  i n  p a p e r  b a g s ,  l a b e l l e d ,  and s t o r e d  
a t  room t e m p e r a t u r e .  E x p e r i m e n t s  were  done t o  t e s t  t h e  
v i a b i l i t y  o f  Phase 2 and 3 s p o r o c a r p s  f r o m  d i f f e r e n t  z o n e s .
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E i g h t  Phase 2 s p o r o c a r p s  f r o m  each zone were  t e s t e d ,  
e x c e p t  f o r  T r a n s e c t  1 -  zone 2.  On l y  t h r e e  Phase 3 
s p o r o c a r p s  were  a v a i l a b l e  f o r  t e s t i n g  f r o m  t h a t  zone .
E i g h t  Phase 3 s p o r o c a r p s  f r o m  each zone were  t e s t e d .
A f t e r  p r e l i m i n a r y  e x p e r i m e n t s  t o  d e t e r m i n e  t h e  o p t i m a l  
g r o w i n g  c o n d i t i o n s  f o r  s c a r i f i e d  s p o r o c a r p s ,  t h e  f o l l o w i n g  
e x p e r i m e n t a l  d e s i g n  was a d o p t e d .  Each s p o r o c a r p  was r e ­
moved f r o m  t h e  p a p e r  bag i n  w h i c h  i t  was s t o r e d  and r i n s e d  
w i t h  t a p  w a t e r  t o  remove mos t  o f  t h e  a t t a c h e d  s o i l .  The 
l e n g t h  o f  t h e  s p o r o c a r p  was r e c o r d e d  and t h e n  a s c a l p e l  
was used t o  p u n c t u r e  t h e  s i d e  o f  t h e  s p o r o c a r p  w a l l  j u s t  
on c e .  The s p o r o c a r p  was p l a c e d  i n  a 50 ml E r l e n m e y e r  
f l a s k  c o n t a i n i n g  30 ml o f  t h e  i n c u b a t i o n  medium,  a d j u s t e d  
t o  a pH 5 . 8  and a p i e c e  o f  a l u m i n u m f o i l  was used t o  cap 
t h e  t o p  o f  t h e  f l a s k .  The f o r m u l a  used f o r  t h e  i n c u b a t i o n  
medium i s  as f o l l o w s :
Knop S o l u t i o n  -  10 mg /  100 ml
1.  KNOg 1 . 2 5  gm/L
2.  Ca(N0 ^ ) 2  * 4HgO 5 . 0 0  gm/L
3.  KHgPO^ 1 . 2 5  gm/L
4.  MgSO^ • 7HgO 1 . 2 5  gm/L
M u r a s h i g e  and Skoog I r o n  S u p p l e me n t  - 0 . 5  ml /  100 ml
1.  FeSO^ ' /HgO 5 . 5 7  gm/L
2.  NaEDTA 7 . 4 5  gm/L
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N i t s c h  S o l u t i o n  -  Q . l  ml /  100 ml
1 . H2 SO4 0 . 5 0  gm/L
2 . MnSO^ • 4 H2 O 3 . 0 0  gm/L
3. ZnSO^ 0 . 5 0  gm/L
4. H3 BO3 0 . 5 0  gm/L
5. CuSO^ • SHgO 0 . 0 2 5  gm/L
6 . NagMoO^ • 2 H2 O 0 . 0 2 5  gm/L
The f l a s k s  wer e  t h e n  p l a c e d  i n  a P e r c i v a l  g r o w t h  chamber  
w i t h  a 24 h o u r  p h o t o p e r i o d  w i t h  12 ho u r s  o f  l i g h t .  A 
c o n s t a n t  t e m p e r a t u r e  o f  24 +_ 1 °C was s e l e c t e d .  The l i g h t  
i n t e n s i t y  i n  t h e  g r o w t h  chamber  was 170 f t - c .  The s p o r o -  
c a r p s  o f  a l l  e x p e r i m e n t s  were  i n c u b a t e d  f o r  s i x  d a y s .  I t  
was d e t e r m i n e d  t h a t  a l l  megagame t ophy t e s  and s p o r o p h y t e s  
t h a t  d e v e l o p  i n  c u l t u r e  a r e  d e t e c t a b l e  a f t e r  t h r e e  days 
( M a h l b e r g  and B a l d w i n ,  1 9 7 5 ) .  Upon remova l  f r o m  t h e  
g r o w t h  c h a mb e r ,  t h e  number  o f  m e g a s p o r e s ,  megagame t ophy t e s , 
and s p o r o p h y t e s  were  c o u n t e d  p e r  f l a s k .  The c o n t e n t s  o f  
t h e  f l a s k  were  e m p t i e d  i n t o  an empty  g l a s s  p e t r i  d i s h  t h a t  
had a g r i d  drawn on t h e  b o t t o m  w i t h  a b l a c k  wax p e n c i l  
t o  f a c i l i t a t e  t h e  c o u n t i n g .  The c o u n t s  were  a l l  made 
u n d e r  a d i s s e c t i n g  m i c r o s c o p e .  The megaspor e  i s  a s m a l l  
o v a l  s t r u c t u r e  w i t h  a v e r y  s l i g h t  p r o t u b e r a n c e  a t  t h e  
a p i c a l  end wher e  t h e  e n d o s p o r e  w a l l  i s  t h e  t h i n n e s t .  The 
me g a g ame t o ph y t e  has a d e f i n i t e  p r o t u b e r a n c e  a t  t h e  a p i c a l  
end e x t e n d i n g  t h r o u g h  t h e  e n d o s p o r e  w a l l .  The p r o t u b e r a n c e  
i s  u n p i g m e n t e d  i n  t h e  e a r l y  d e v e l o p m e n t  o f  t h e  megagemeto-
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p h y t e . I n  l a t e r  s t a g e s ,  a c u s h i o n  o f  c e l l s  s u r r o u n d s  
t h e  p r o t u b e r a n c e  and i s  e i t h e r  d a r k  brown o r  g r e e n .  I t  
c o u l d  n o t  be d e t e r m i n e d  w i t h  t h e  d i s s e c t i n g  m i c r o s c o p e  
w h e t h e r  t h e  megag ame t o ph y t e  had been f e r t i l i z e d  o r  n o t .  A 
s p o r o p h y t e  was r e c o r d e d  i f  t h e  f i r s t  l e a f  a r i s i n g  f r o m  t h e  
c u s h i o n  o f  c e l l s ,  o r  c a l y p t r a ,  was g r e a t e r  t h a n  1 mm i n  
l e n g t h .  The f ew a b o r t e d  megaspor es  were c o u n t e d  w i t h  no rma l  
m e g a s p o r e s .  The number  o f  megaspor es  a t  a l l  s t a g e s  o f  
d e v e l o p m e n t  t h a t  were  r e t a i n e d  w i t h i n  t h e  s p o r o c a r p  w a l l  
a l s o  was r e c o r d e d .  The K r u s k u l - W a l l i s  t e s t ,  and t h e  M u l ­
t i p l e  C o m p a r i s o n s  T e s t , n o n - p a r a m e t r i c  t e s t s , w e r e  used t o  
a n a l y z e  d a t a  o f  samp l es  w i t h  equa l  v a r i a n c e s  a t  a s i g n i f ­
i c a n c e  l e v e l  o f  0 . 0 5  and a r e  l i s t e d  i n  A p p e n d i c e s  D and 
E, r e s p e c t i v e l y .  The K o l m o g o r o v - S m i r n o v  t e s t ,  a l s o  a 
n o n - p a r a m e t r i c  t e s t ,  was used t o  a n a l y z e  d a t a  w i t h  unequa l  
v a r i a n c e s  a t  a s i g n i f i c a n c e  l e v e l  o f  0 . 0 5  u n l e s s  i n d i c a t e d  
o t h e r w i  s e .
F u r t h e r  e x p e r i m e n t s  were c o n d u c t e d  t o  e x p l a i n  t h e  
o b s e r v e d  d i f f e r e n c e s  i n  v i a b i l i t y  o f  s p o r o c a r p s  f r o m  
d i f f e r e n t  z o n e s .  A l l  f o l l o w i n g  e x p e r i m e n t s  have t h e  same 
d e s i g n  as p r e v i o u s l y  d e s c r i b e d  f o r  t h e  v i a b i l i t y  e x p e r i ­
m e n t s .  S i x t e e n  Phase 2 s p o r o c a r p s  were  p l a c e d  i n  a g l a s s  
p e t r i  d i s h  w i t h  d i s t i l l e d  w a t e r  and p l a c e d  i n  a f r e e z e r  
f o r  two w e e k s ,  and 80 Phase 3 s p o r o c a r p s  were  p l a c e d  i n  
a p e t r i  d i s h  w i t h  d i s t i l l e d  w a t e r  and p l a c e d  i n  a f r e e z e r
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f o r  f o u r  weeks .  The Phase 2 s p o r o c a r p s  wer e  f r o m  T r a n s e c t
1 - z o n e  4 and T r a n s e c t  3 - z o n e  4.  The Phase 3 s p o r o c a r p s  
we r e  f r o m  T r a n s e c t  1 - z o n e s  1,  2 ,  3,  and 4.  Phase 2 and 
Phase 3 s p o r o c a r p s  wer e  removed f r o m  t h e  f r e e z e r  a f t e r  
two and f o u r  we e k s ,  r e s p e c t i v e l y  and p l a c e d  I n  i n c u b a t i o n  
medium f o r  s i x  d a y s .
The o t h e r  e i g h t  Phase 2 s p o r o c a r p s  t h a t  had been 
f r o z e n  f o r  two weeks and a l l o w e d  t o  t haw were  p l a c e d  i n
a d r y  p e t r i  d i s h  and p u t  i n  an oven a t  60°C f o r  12 h o u r s .
A f t e r  t h i s  h e a t  t r e a t m e n t ,  each s p o r o c a r p  was i n c u b a t e d  
i n  t h e  g r o w t h  chamber  f o l l o w i n g  t h e  p r e v i o u s l y  d e s c r i b e d  
e x p e r i m e n t a l  p r o c e d u r e .
F o r  f u r t h e r  c l a r i f i c a t i o n  o f  t h e  d e v e l o p m e n t a l  s ys t em 
o f  t h e  s p o r o c a r p ,  e i g h t  Phase 2 s p o r o c a r p s  f r o m  T r a n s e c t
2 - zone 4 wer e  removed f r o m  t h e i r  p a p e r  bag and p l a c e d  i n  
a d r y  p e t r i  d i s h  and p u t  i n  an oven a t  60*C f o r  12 h o u r s .
They were  t h e n  s c a r i f i e d  and i n c u b a t e d  i n  a g r o w t h  cha mbe r ,
f o l l o w i n g  t h e  u s u a l  e x p e r i m e n t a l  p r o c e d u r e .
One a d d i t i o n a l  e x p e r i m e n t  i n v o l v i n g  s p o r o c a r p  v i a b i l i t y  
was c o n d u c t e d .  E i g h t  Phase 2 s p o r o c a r p s  f r o m  T r a n s e c t  3 -  
zone 4 wer e  removed f r o m  t h e i r  p a p e r  bag and each was 
c r a c k e d  w i t h  a p a i r  o f  p l i e r s .  The s p o r o c a r p  w a l l  and 
i t s  ex p o s e d  c o n t e n t s  wer e  p l a c e d  i n  E r l e n m e y e r  f l a s k s  
c o n t a i n i n g  i n c u b a t i o n  medium and p l a c e d  i n  a g r o w t h  
c h a m b e r .
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A p r e l i m i n a r y  e x p e r i m e n t  i n v e s t i g a t i n g  t h e  e f f e c t  o f  
a c i d i t y  on t h e  v i a b i l i t y  o f  s p o r o c a r p s  was done.  E i g h t  
Phase 3 s p o r o c a r p s  f r o m  t h e  a d j a c e n t  r e s e r v o i r  s t u d y  a r e a  
wer e  s c a r i f i e d  and p l a c e d  i n  t h e  i n c u b a t i o n  medium w i t h  
a pH 4 . 2 .  The same two n o n - p a r a m e t r i c  t e s t s  used on t h e  
d a t a  f r o m  t h e  v i a b i l i t y  s t u d i e s , w e r e  s i m i l a r l y  i m p l e m e n t e d  
on t h e  above d a t a .
Of  t h e  80 Phase 3 s p o r o c a r p s  t h a t  had been f r o z e n  
f o r  f o u r  w e e k s ,  t h e  r e m a i n i n g  72 were a l l o w e d  t o  s i t  i n  
p e t r i  d i s h e s  c o n t a i n i n g  t h e  m e l t e d  d i s t i l l e d  w a t e r  a t  
room t e m p e r a t u r e .  O b s e r v a t i o n s  were  made on s p o r o c a r p  
g e r m i n a t i o n s  w i t h o u t  p r e v i o u s l y  h a v i n g  been s c a r i f i e d  
w i t h  a s c a l p e l .  Da ta  were t a k e n  a f t e r  two m o n t h s .
A n o t h e r  e x p e r i m e n t  was s e t  up t o  t e s t  t h e  n a t u r a l  
g e r m i n a t i o n  o f  Phase 3 s p o r o c a r p s  compared w i t h  t h e  
n a t u r a l  g e r m i n a t i o n  o f  Phase 2 s p o r o c a r p s .  T w e n t y - o n e  
Phase 3 s p o r o c a r p s  f r o m  T r a n s e c t  2 - z o n e  4 and T r a n s e c t  1 -  
zone 4 and t w e n t y - o n e  Phase 2 s p o r o c a r p s  f r o m  T r a n s e c t  1 -  
zone 4 and T r a n s e c t  2 - zone 4 ,  t h a t  had p r e v i o u s l y  been 
s t o r e d  i n  p a p e r  b a g s ,  we r e  p l a c e d  i n  g l a s s  p e t r i  d i s h e s  
c o n t a i n i n g  d i s t i l l e d  w a t e r .  Da ta  were t a k e n  on t h e  number  
o f  g e r m i n a t e d  s p o r o c a r p s  a f t e r  a f i v e  month p e r i o d .
CHAPTER I I I
OBSERVATIONS AND RESULTS
P h y s i c a l  C h a r a c t e r i s t i c s  o f  
t h e  S t u d y  A r e a s
S l o p e  and S o i l  C h a r a c t e r i s t i c s . T r a n s e c t s  1 and 2 
o c c u r  on an e a s t - f a c i n g  s l o p e  i n  a pond s t u d y  a r e a ,  and 
T r a n s e c t  3 o c c u r s  on a s o u t h - f a c i n g  s l o p e  i n  t h e  r e s e r v o i r  
s t u d y  a r e a .  The s l o p e  o f  t h e  pond s t u d y  a r e a  i s  a p p r o x ­
i m a t e l y  15°  w h i l e  t h e  s l o p e  o f  t h e  r e s e r v o i r  s t u d y  a r e a  
i s  a b o u t  2 5 ° .
S o i l  samp l e  a n a l y s i s ,  l i s t e d  i n  T a b l e  2,  shows t h a t  
t h e  pH o f  t h e  s o i l  samp l es  f r o m  t h e  zones i n  T r a n s e c t  1 
were  s i m i l a r ,  a l l  w i t h i n  a r a n g e  o f  7 . 2  t o  7 . 5 .  The pH 
o f  t h e  s o i l  samp l es  f r o m  t h e  zones  i n  T r a n s e c t  2 were  i n  
t h e  r a n g e  o f  6 . 6  t o  7 . 1 ,  w h i l e  pH o f  t h e  s o i l s  f r o m  
T r a n s e c t  3 r a n g e d  f r o m  7 . 9  t o  8 . 3 .
The p e r c e n t  o f  o r g a n i c  m a t t e r  p r e s e n t  i n  t h e  s o i l  
samp l es  was h i g h  f o r  a l l  t h e  zones o f  T r a n s e c t  1 and a l l  
o f  t h e  zones  t e s t e d  i n  T r a n s e c t  2.  A l l  zones  had r e a d i n g s  
g r e a t e r  t h a n  6.0%.  The p e r c e n t  o r g a n i c  m a t t e r  c o n t e n t  
o f  t h e  s o i l s  f r o m  T r a n s e c t  3 wer e  l o w ,  w i t h  r e a d i n g s  l e s s  
t h a n  4 .0%.  Q u a l i t a t i v e  i n t e r p r e t a t i o n  ( i . e .  h i g h )  o f  t h e
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Table 2 
S o i l  A n a l y s i s  Data 
Pe rcen t
o r g an i  c Ni t r a t e -
T r ansec t Zone pH m a t t e r n i t r o g e n  ppm Phosphorus ppm Soi 1 t e x t u
1 1 7.5 6.01 hi gh 1.44 6 v v l ^ c l a y loam
1 2 7.3 >6. 56 hi gh 2.49 29 v r 1 oam
1 3 7.2 >6.56 hi gh 1.97 26 v l 1 oam
1 4 7.3 6.42 hi gh 1.44 11 vl 1 oam
2 1 6.9 10.00 hi gh 4.12 2 vv l 1 oam
2 2 6.6 - 3.03 24 vl loam
2 3 6.8 - 3.57 29 v l loam
2 4 7.1 9.78 hi gh .93 24 v l c l a y loam
3 1 7.9 4.00 low .93 11 vl c l a y loam
3 2 8.0 - 1.44 26 vl loam
3 3 8.3 - 3.03 21 v l c l a y 1 oam
3 4 8 . 0 3.40 1 ow 1.44 6 vv l loam
^vv l  = v e r y ,  ve r y  low 
2
v l  = ve r y  low
ro
ro
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p e r c e n t  o r g a n i c  m a t t e r  r e a d i n g s  was d e t e r m i n e d  by t h e  s o i l  
t e s t i n g  l a b o r a t o r y  wher e  t h e  samp l es  were  s e n t  f o r  a n a l y s i s .
N i t r a t e - n i t r o g e n  c o n c e n t r a t i o n s  were  s i m i l a r  f o r  a l l  
zones  on each t r a n s e c t .  I n  T r a n s e c t  1,  t h e  r e a d i n g s  r an ge d  
f r o m  1 . 4 4  t o  2 . 4 9  ppm; i n  T r a n s e c t  2 ,  t h e y  r a n g e d  f r o m  
0 . 9 3  t o  4 . 1 2  ppm; and i n  T r a n s e c t  3,  t h e y  r a n g e d  f r o m  0 . 9 3  
t o  3 . 0 3  ppm.
D e t e r m i n a t i o n  o f  p h o s p h o r u s  i n  t h e  s o i l  samp l es  was 
a l s o  done .  I n  T r a n s e c t  1,  zone 1 had a v e r y ,  v e r y ,  l ow 
r e a d i n g  o f  6 ppm, w h i l e  t h e  o t h e r  t h r e e  zones had v e r y  
l ow r e a d i n g s ,  be t ween  11 and 29 ppm. The d a t a  f o r  T r a n s e c t  
2 was s i m i l a r .  I n  T r a n s e c t  3,  zones 1,  2 ,  and 3 had 
r e a d i n g s  t h a t  were  v e r y  l o w ,  l y i n g  be t ween 11 and 26 ppm, 
w h i l e  zone 4 had a v e r y ,  v e r y  l ow r e a d i n g  o f  6 ppm. 
Q u a l i t a t i v e  i n t e r p r e t a t i o n  ( i . e .  v e r y ,  v e r y  l o w )  o f  p h o s ­
p h o r u s  r e a d i n g s  was d e t e r m i n e d  by t h e  s o i l  t e s t i n g  l a b o r a ­
t o r y  wher e  t h e  samp l es  were  s e n t  f o r  a n a l y s i s .
The s o i l  t e x t u r e  f o r  each s o i l  samp l e  l i s t e d  i n  
T a b l e  2 i s  based on a n a l y s i s  o f  j u s t  t h e  c l a y  t o  f i n e  sand 
p a r t i t i o n  o f  t h e  t o t a l  s o i l  samp l es  t a k e n  f r o m t h e  r e s e r ­
v o i r  and pond s t u d y  a r e a s .  Two o t h e r  p a r t i t i o n s ,  g r a v e l  
t o  v e r y  c o a r s e  sand and medium t o  c o a r s e  sand were we i g h e d  
and r e c o r d e d  i n  T a b l e  3.  The w e i g h t s  a r e  a l l  g i v e n  w i t h
3
r e s p e c t  t o  a c o n s t a n t  vo l ume o f  3000 cm , w h i c h  i s  t h e  
c omb i n ed  vo l ume o f  t h e  t h r e e  s o i l  samp l es  t a k e n  p e r  zone .
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T a b l e  3
Amount  o f  D i f f e r e n t  S i z e d  S o i l  P a r t i c l e s  
Per  Combi ned S o i l  Samples
T r a n s e c t  
No .
1
1
1
1
Zone No
2
3
1 and 4
g r a v e l - v e r y  
c o a r s e  sand 
( g / 3 0 0 0  c m 3 )
4 7 . 0
5 2 . 9
2 1 3 . 5
medi  urn- 
c o a r s e  sand 
( g / 3 0 0 0  cm3)
1 2 . 0
1 0 . 8
5 2 . 0
t o t a l  
w e i g h t  o 
( g / 3 0 0 0  cm^)
5 9 . 0  
63.  7
2 6 5 . 5
1
2
3
4
4 2 . 7
1 9 . 3
5 . 7
14.1
1 4 . 7
6 . 4
2 . 4  
1 1 . 4
5 7 . 4  
2 5 . 7
8.1
2 5 . 5
250.  5 
2 8 8 . 2  
2 7 0 . 3  
131 . 5
3 8 . 4
5 2 . 2
2 6 . 9
1 0 8 . 6
2 8 8 . 9
3 4 0 . 4
2 9 7 . 2
240.1
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The amoun t  o f  t h e  g r a v e l  t o  v e r y  c o a r s e  sand p a r t i t i o n  
i n  sa mp l e s  f r o m  T r a n s e c t  3 was c o n s i d e r a b l y  h i g h e r  t h a n  
i n  T r a n s e c t  1 and 2 f o r  a l l  z o n e s .  The medium t o  c o a r s e  
sand p a r t i t i o n  i n  samp l e s  f r o m  T r a n s e c t  3 was a l s o  h i g h e r  
t h a n  t h e  s amp l es  f r o m  T r a n s e c t  1 and 2.
The number  o f  s p o r o c a r p s  c o l l e c t e d  f r o m  t h e  t h r e e  
comb i ned  s o i l  samp l es  f r o m each zone was q u i t e  h i g h  ( T a b l e  
4 ) .  Over  90% o f  t h e  s p o r o c a r p s  wer e  Phase 3 s p o r o c a r p s , 
some o f  t hem b u r i e d  t o  a d e p t h  g r e a t e r  t h a n  f i v e  c e n t i m e t e r s
I n summary .  T r a n s e c t  3 c o n s i s t s  o f  s o i l  t h a t  i s  v e r y  
g r a v e l l y  and l ow i n  o r g a n i c  m a t t e r  w i t h  a pH a v e r a g i n g  
a b o u t  8 . 0 .  T r a n s e c t s  1 and 2 c o m p r i s e  an a r ea  t h a t  i s  
composed m a i n l y  o f  sand and c l a y  p a r t i c l e s  and i s  v e r y  h i g h  
i n  o r g a n i c  m a t t e r  w i t h  a pH a v e r a g i n g  a b o u t  7 . 0 .
Co v e r  o f  O t h e r  P l a n t  S p e c i e s . T h r o u g h o u t  t h e  g r o w i n g  
season  t h e r e  was an o b s e r v e d  d i f f e r e n c e  o f  p e r c e n t  o f  
o t h e r  p l a n t  s p e c i e s  be t ween zones o f  each t r a n s e c t .  The r e  
were  no o t h e r  p l a n t  s p e c i e s  i n  zone 4 o f  a l l  t h r e e  t r a n ­
s e c t s  ( T a b l e  5 ) .  Mo v i n g  u p s l o p e ,  t h e r e  was a h i g h e r  p e r ­
c e n t  o f  o t h e r  p l a n t  s p e c i e s  g r o w i n g  w i t h  M a r s i 1ea i n  a l l  
o f  t h e  t r a n s e c t s .
Wa t e r  L e v e l s . The w a t e r  l e v e l ,  i n  r e l a t i o n  t o  t h e  
w a t e r  l e v e l  m a r k e r  i n  t h e  pond s t u d y  a r e a ,  was r e c o r d e d
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T a b l e  4
No. o f  S p o r o c a r p s  C o l l e c t e d  From Combined 
Zone S o i l  Samples
s e c t  No. Zone No. No. o f  s p o r o c a r p s / 3 0 0 0
1 1 148
1 2 278
1 3 275
1 4 218
2 1 61
2 2 184
2 3 345
2 4 363
3 1 14
3 2 144
3 3 126
3 4 180
T a b l e  5
P e r c e n t  Cove r age  o f  O t h e r  P l a n t  S p e c i e s  Per  Q u a d r a t
A f t e r  J u l y  Submergence
P e r c e n t  c o v e r a g e  o f  o t h e r
s e c t  No. Zone No. p l a n t  s p e c i e s
1 1 8 0 - 1 0 0
1 2 4 0 - 6 0
1 3 1 0 - 2 0
1 4 0
2 1 80 - 1 0 0
2 2 4 0 - 6 0
2 3 10 - 20
2 4 0
3 1 4 0 - 7 0
3 2 4 0 - 6 0
3 3 1 0 - 2 0
3 4 0
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f r o m  May 10 ,  1975 t o  A p r i l  17,  1976 ( T a b l e  6 ) .  The d e g r e e  
o f  f l o o d i n g  o f  each zone o f  t h e  t h r e e  t r a n s e c t s  i s  p r e ­
s e n t e d  i n  T a b l e  7.
S e v e r a l  ponds n e a r  t h e  r e s e r v o i r ,  c r e a t e d  by g l a c i a l  
a c t i v i t y  and n o t  c o n n e c t e d  t o  t h e  r e s e r v o i r ,  were  checked  
f o r  t h e  p r e s e n c e  o f  Mars i l e a . No Mars i l e a  was f o u n d  g r o w i n g  
i n  t h e s e  p o n d s ,  w h i c h  were  m a i n l y  s u r r o u n d e d  by Typha 
1 a t i  f o l i  a . The w a t e r  l e v e l  o f  t h e s e  ponds depended 
e n t i r e l y  on p r e c i p i t a t i o n  and p o s s i b l y  u n d e r g r o u n d  s p r i n g s ,  
w h i l e  t h e  w a t e r  l e v e l  o f  t h e  r e s e r v o i r  was r e g u l a t e d  by 
t h e  r e f u g e  management .
V e g e t a t i v e  Gr owt h  C o n d i t i o n s
The number  o f  l e a v e s  p e r  q u a d r a t  were c o u n t e d  a t  
s p e c i f i e d  s a m p l i n g  d a t e s  f r o m  t h e  b e g i n n i n g  o f  June t o  
t h e  m i d d l e  o f  O c t o b e r  ( F i g u r e s  5,  6 ,  and 7 ) .  Some i n d i ­
c a t i o n  o f  t h e  v e g e t a t i v e  r e p r o d u c t i v e  s u c c e s s  o f  M a r s i 1ea 
can be g a t h e r e d  f r o m  t h i s  d a t a . The d o t t e d  l i n e s  c o n ­
n e c t i n g  t h e  means s i g n i f y  t h a t  t h e  zone was u n d e r  w a t e r  
d u r i n g  t h a t  t i m e  p e r i o d ,  and t h e  s o l i d  l i n e s  s i g n i f y  t h a t  
t h e  zone was f r e e  o f  w a t e r .  A l l  zones o f  a l l  t r a n s e c t s  
were  c o v e r e d  w i t h  w a t e r  by t h e  end o f  June and r e m a i n e d  
c o v e r e d  u n t i l  t h e  b e g i n n i n g  o f  A u g u s t .
L e a f  numbers  were  s i m i l a r  f o r  T r a n s e c t s  1 and 2.
Zones 1 and 2 o f  t h e s e  t r a n s e c t s  had a c o n s t a n t  number  o f  
l e a v e s  t h r o u g h o u t  t h e  summer .  I n  zone 3 on T r a n s e c t  1,
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T a b l e  6
Re a d i n g s  on Wa t e r  L e v e l  M a r k e r
Da t e  1975 L e v e l  on w a t e r  l e v
A p r i l  20 < 2 6 . 3
May 1 0 2 6 . 3
May 1 7 2 6 . 3
May 26 1 3 . 0
June 1 0
June 15 0
June 22 5 . 0
June 24 31 .0
J u l y  1 1 3 8 . 0
J u l y  12 1 4 1 . 5
J u l y  20 9 1 . 0
J u l y  27 4 5 . 0
A u g u s t  9 0
A u g u s t  14 0
A u g u s t  26 0
Se p t emb er  20 0
Se p t emb er  25 0
O c t o b e r  11 0
O c t o b e r  19 41 .0
December  14 5 8 . 0
1976
A p r i l  17 1 1 5 . 0
T a b l e  7
A r ea  o f  T r a n s e c t s  Cover ed  by Wat e r  
T h r o u g h o u t  S a m p l i n g  Season
T r a n s e c t  1
29
Date  1975 Zone 1 Zone 2 Zone 3 Zone 4
4 / 2 0 T T T T
5 / 1 0 T T T A*
5 / 1 7 T T T A
5 / 2 6 - 6 / 2 2 T T T T
6 / 2 4
7 / 1 - 7 / 2 7
T T .25A
A
A
A
8 / 9 - 1 0 / 1 1 T T T T
1 0 / 1 9 T T .80A A
1 2 / 1 4 T .90A A A
4 / 1 7 / 7 6 A
T r a n s e c t
A
2
A A
Date  1975 Zone 1 Zone 2 Zone 3 Zone 4
4 / 2 0 T T T T
5 / 1 0 T T T A
5 / 1 7 T T T A
5 / 2 6 T T T . 50A
6 / 1 - 6 / 1 5 T T T T
6 / 2 2 T T T .33A
6 / 2 4
7 / 1 - 7 / 2 0
T T .25A
A
A
A
7 / 2 7 T T A A
8 / 9 - 1 0 / 1 1 T T T T
10 / 1 9 T T .80A A
1 2 / 1 4 T . 90A A A
4 / 1 7 / 7 6  
*A = a q u a t i c
A
phase
A A A
T = t e r r e s t r i a l  phase
T a b ! e 7 ( c o n ' t . )
T r a n s e c t  3
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Date  1975 Zone 1 Zone 2 Zone 3 Zone 4
4 / 2 0 I T T I
5 / 1 0 - 5 / 2 6 T I T A
6 / 1 - 6 / 1 5 T T I I
6 / 2 2 I I I .50A
6 / 2 4 T I .25A A
7 / 1 - 7 / 2 0 A A
7 / 2 7 T I A A
8 / 9 - 1 0 / 1 1 I T T I
1 0 / 1 9 T T .BOA A
1 2 / 1 4 I .90A A A
4 / 1 7 / 7 6 A A A A
*A = a q u a t i c phase
I  = t e r r e s t r i a l  phase
F i g u r e  5,  P r o d u c t i o n  o f  l e a v e s  i n  T r a n s e c t  1 
t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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l4oh zone 2
I2C*
lOC'
80 8C
6C
4 0 *
23
8 / 9  8 /2 6  9 /2 0  10/13 8 /9  8 /2 6  9 / 2 0  10/136/1 6/15
O '
\
Zone 3
lOC'
6 0
4 0
20- -
8 / 9  8 /2 6  9 /2 0  1 0 / 06 /1  6/15
Zone 4Wo
120
loc*
4 0
8 / 9  8 / 2 6  9 / 2 0  10/136/1 6/15
Transect 1
F i g u r e  6 ,  P r o d u c t i o n  o f  l e a v e s  I n  T r a n s e c t  2 
t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
Number of Leaves /  Quadrat
3
CP
00
>o
X)KJ
Q)3
C/>
CDO Co
M
N
CD
CD
CO
00
Ui
CO4̂
F i g u r e  7.  P r o d u c t i o n  o f  l e a v e s  i n  T r a n s e c t  3 
t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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8 0 "
6 0 "
20
6 /4  6 /22 8 /1 4  8 /2 7  9 /2 3  10/11
O '
140
Zone
12C -
1O0*
80*
6 0
4 0
20
6/4 6 /2 2 8/14 8 /27  9 /23  10/11
ro<U Zone 3
60
20 *
8 /1 4  8 / 2 7  10/116 /4  6 /2 2
180. Zone 4
80 '
4 0
8/M  8/2 7 9/23 10/116/4 6/22
Transect
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t h e r e  was a s i g n i f i c a n t l y  g r e a t e r  number  o f  l e a v e s  a t  t h e  
b e g i n n i n g  o f  t h e  s a m p l i n g  season t h a n  i n  zones 1 and 2.  
A f t e r  a month  o f  submer gence  i n  J u l y ,  t h e  number  o f  l e a v e s  
d r o p p e d  s i g n i f i c a n t l y  and r e m a i n e d  c o n s t a n t  t h r o u g h o u t  t h e  
r e s t  o f  t h e  s e a s o n .  I n  zone 4 o f  T r a n s e c t s  1 and 2,  t h e  
p r o d u c t i o n  o f  l e a v e s  r o s e  s h a r p l y  i n  t h e  two weeks b e f o r e  
t h e  J u l y  submer gence  and d r o p p e d  as s h a r p l y  d i r e c t l y  a f t e r  
t h e  w a t e r  l e v e l  d r o p p e d .  However ,  u n l i k e  t h e  o t h e r  zones 
wher e  t h e r e  was a c o n s t a n t  p r o d u c t i o n  t h r o u g h o u t  t h e  r e s t  
o f  t h e  s a m p l i n g  s e a s o n ,  t h e  number  o f  l e a v e s  p e r  q u a d r a t  
i n  zone 4 o f  T r a n s e c t  1 i n c r e a s e d  s i g n i f i c a n t l y  i n t o  
S e p t e m b e r .  I n  O c t o b e r  t h e y  f i n a l l y  d e c r e a s e d .  The number  
o f  l e a v e s  i n  zone 4 was s i g n i f i c a n t l y  h i g h e r  i n  A u g u s t  and
Se p t emb er  t h a n  i n  zones 1 and 2.
I n  zones 1 and 2 on T r a n s e c t  3 ,  i n i t i a l l y  t h e r e  were  
v e r y  f ew l e a v e s  i n  e a r l y  J u n e ,  h o w e v e r ,  t h e y  d i d  i n c r e a s e  
i n  number  b e f o r e  t h e  J u l y  sub mer g en ce .  I n  zone 2 ,  t h e  
l e a v e s  i n c r e a s e d  s i g n i f i c a n t l y  a f t e r  t h e  s u b me r g e n c e ,  b u t  
began t o  d r o p  i n  number  by l a t e  A u g u s t .  Zone 3 began t h e  
summer w i t h  more l e a v e s ,  b u t  p r o d u c t i o n  r e m a i n e d  c o n s t a n t  
u n t i l  t h e  m i d d l e  o f  Sep t ember  when i t  began t o  d r o p .  
P r o d u c t i o n  was s t i l l  h i g h  i n  zone 3 d u r i n g  A u g u s t  when t h e
l e a v e s  we r e  d y i n g  i n  zones 1 and 2.  I n  zone 4 ,  t h e  number
o f  l e a v e s  p r e s e n t  was h i g h e r  i n  t h e  b e g i n n i n g  o f  t h e  
summer t h a n  i n  zones 1 and 2 and i n c r e a s e d  s i g n i f i c a n t l y
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i n  l a t e  A u g u s t  wher e  p r o d u c t i o n  r e m a i n e d  c o n s t a n t  i n t o  
O c t o b e r .  T h e r e  was no d r o p  i n  p r o d u c t i o n  i n  zone 4 on 
T r a n s e c t  3 i n  O c t o b e r  l i k e  t h e r e  was i n  zone 4 o f  T r a n ­
s e c t s  1 and 2.
M a r s i 1ea began v e g e t a t i v e  g r o w t h  somet i me b e f o r e  June 
i n  zones  3 and 4 o f  a l l  t r a n s e c t s  and i n  e a r l y  t o  m i d - J u n e  
i n  zones  1 and 2 o f  a l l  t h r e e  t r a n s e c t s .  The p r o d u c t i o n  
o f  l e a v e s  r e m a i n e d  c o n s t a n t  d u r i n g  t h e  J u l y  submergence 
i n  zones  1 and 2 o f  T r a n s e c t s  1 and 2.  The number  o f  
l e a v e s  d e c r e a s e d  s i g n i f i c a n t l y  d u r i n g  t h e  f l o o d i n g  i n  zones 
3 and 4 o f  T r a n s e c t  1 and zone 4 i n  T r a n s e c t  2 ,  b u t  zone 3 
i n  T r a n s e c t  2 r e m a i n e d  c o n s t a n t .  I n  T r a n s e c t  3 ,  t h e  number  
o f  l e a v e s  r e m a i n e d  c o n s t a n t  t h r o u g h  submergence  i n  a l l  zones 
e x c e p t  zone 2 ,  wher e  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i m ­
m e d i a t e l y  a f t e r  t h e  w a t e r  r e c e d e d  t h a n  b e f o r e  t h e  f l o o d i n g .  
P r o d u c t i o n  began t o  cease i n  e a r l y  O c t o b e r  f o r  a l l  zones 
e x c e p t  zone 4 i n  T r a n s e c t  3.  Growt h  i n  t h i s  zone c o n t i n u e d  
i n t o  O c t o b e r .
O b s e r v a t i o n s  were  made i n  t h e  f i e l d  on d i f f e r e n t  l e a f  
f o r ms  o f  M a r s i 1e a . The t h r e e  t y p e s  o f  l e a v e s ,  l a n d  f o r m ,  
f l o a t i n g  f o r m ,  and submerged f o r m ,  wer e  a l l  o b s e r v e d  a t  
N i n e - P i p e  R e s e r v o i r .  F i g u r e s  8 and 9 i l l u s t r a t e  t h e s e  
f o r m s , r e s p e c t i v e l y .  A l l  t h r e e  f o r m s  were  f o u n d  i n  t h e  
same a r e a ,  o f t e n  a r i s i n g  f r o m  t h e  same r h i z o m e .  A j u v e n i l e  
l e a f  f o r m  was a l s o  o b s e r v e d  ( F i g u r e  9 a ) .  F i g u r e  10 shows
F i g u r e  8.  F l o a t i n g  Form L e a f .
F i g u r e  9.  a.  J u v e n i l e  B i f i d  L e a f .  ( 4 x )
b.  Submerged Form L e a f .  ( 4 x )
F i g u r e  10.  a.  F l o a t i n g  Form L e a f .
b . Land Form L e a f .
M-
40
1 0
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a c o m p a r i s o n  o f  t h e  f l o a t i n g  f o r m  and t h e  l a n d  f o r m  w i t h  
r e s p e c t  t o  c o l o r  and p u b e s c e n c e .  The f l o a t i n g  f o r m  has 
v e r y  f ew h a i r s  on t h e  s u r f a c e  and i s  much l i g h t e r  g r e en  
t h a n  t h e  l a n d  f o r m . The f l o a t i n g  f o r m  a l s o  has a waxy 
l e a f  s u r f a c e  wh e r e as  t h e  l a n d  f o r m  l e a f  does n o t .
The f i r s t  f l o a t i n g  f o r m  l e a v e s  were  o b s e r v e d  i n  m i d -  
J u l y  d u r i n g  t h e  p e r i o d  o f  h i g h  w a t e r .  The submerged f o r m  
l e a v e s  wer e  n o t i c e d  i n  l a t e  J u l y  a f t e r  t h e  w a t e r  had 
r e c e d e d  down t o  zone 4,  The l a n d  f o r m  l e a f  was a l wa y s  
p r e s e n t  i n  a l l  z o n e s .
On t h e  J u l y  2 7 t h  s a m p l i n g  t r i p ,  q u a d r a t ?  were  p l a c e d  
a l o n g  T r a n s e c t  1 and t h e  l e n g t h  o f  t h e  p e t i o l e  o f  each 
l e a f  as w e l l  as l o n g e s t  l e a f l e t  a t t a c h e d  t o  t h a t  p e t i o l e  
was me a s u r e d .  The d a t a  was a n a l y z e d  u s i n g  t h e  p r e v i o u s l y  
m e n t i o n e d  B a s i c  c o m p u t e r  p r o g r a m f o r  l i n e a r  r e g r e s s i o n  
a n a l y s i s  ( F i g u r e  1 1 ) .
The e q u a t i o n  o f  t h e  r e g r e s s i o n  l i n e  i s  Y = 0 . 1 3 6  + 
0 . 0 7 8 x  w i t h  an r ^  v a l u e  o f  0 . 7 8 .  The l e n g t h  o f  t h e  p e t i o l e  
c o r r e l a t e d  w e l l  w i t h  t h e  l e n g t h  o f  t h e  l e a f l e t .  The r e  was 
no r e l a t i o n s h i p  be t ween t h e  l e a f l e t  s i z e  and t h e  z o n e s .
Some o f  t h e  l a n d  f o r m  l e a v e s  were l o b e d  ( F i g u r e  1 2 ) .  The 
number  o f  l e a v e s  t h a t  had one o r  more l o b e s  were a l s o  
c o u n t e d  p e r  q u a d r a t  ( T a b l e  8 ) .  O n l y  t h e  q u a d r a t s  n e a r e s t  
t h e  w a t e r  had l o b e d  l e a v e s .
F i g u r e  11.  R e g r e s s i o n  on p e t i o l e  l e n g t h  and l e a f l e t  
l e n g t h .
o
o
l~
3
o
o
o
o
o
CO
F i g u r e  12.  Lobed l e a f l e t s  on Land Form L e a v e s .
45
46
T a b l e  8
Number  o f  Lobed Land Form Leaves  Per  Q u a d r a t
on J u l y  27 ,  1975
Q u a d r a t  No. Lobed Leaves
Q1 0
Q2 0
Q3 0
Q4 0
QS 0
Q6 0
Q7 3
Q8 9
Sexua l  R e p r o d u c t i v e  Gr owt h  C o n d i t i o n s
Phase 1 S p o r o c a r p s . Data on Phase 1 s p o r o c a r p s  a r e  
r e p r e s e n t e d  i n  F i g u r e s  13,  14 and 15.  As w i t h  t h e  number  
o f  l e a v e s  p r o d u c e d .  T r a n s e c t s  1 and 2 were s i m i l a r  i n  t h e  
p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s . I n  zone 1 o f  b o t h  T r a n ­
s e c t s  1 and 2,  t h e r e  were  v e r y  f ew Phase 1 s p o r o c a r p s  a t  
t h e  b e g i n n i n g  o f  t h e  s e a s o n ,  and t h e r e  was no s i g n i f i c a n t  
i n c r e a s e  o r  d e c r e a s e  i n  numbers t h r o u g h o u t  t h e  summer.
I n  zone 2 o f  b o t h  t r a n s e c t s ,  t h e  d a t a  i s  s i m i l a r  t o  zone 1,  
b u t  q u a l i t a t i v e l y  t h e r e  seemed t o  be more s p o r o c a r p s  
p r e s e n t  i n i t i a l l y  i n  June .  I n  zone 3 o f  T r a n s e c t  1,  t h e r e  
was a s i g n i f i c a n t l y  l a r g e r  amount  o f  Phase 1 s p o r o c a r p s  
a t  t h e  b e g i n n i n g  o f  t h e  season t h a n  i n  zone 1 o r  2 o f  t h a t  
t r a n s e c t ,  h o w e v e r , t h e  number  o f  Phase 1 s p o r o c a r p s  r e m a i n e d  
c o n s t a n t  t h r o u g h o u t  t h e  summer.  Zone 3 o f  T r a n s e c t  2 had 
s i g n i f i c a n t l y  f e w e r  Phase 1 s p o r o c a r p s  June 1 t h a n  zone 3
F i g u r e  13,  P r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  i n
T r a n s e c t  1 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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Zone 1
60
5 0 -
40
6/1 6/15 9 /2 0  10/13
o
a.
70 Zone 2
60
30
20
l o
TT T T
6/1 6/15 8 /9  8 /2 6  9 /2 0  10/13
7 0 “
30
20
lO
8 /9  8 /26  9 /2 0  10 /136/1 6/15
Zone 470
60
lO
8 /9  8 /2 6  9 /2 0  10/136/1 6/15
Transect 1
F i g u r e  14,  P r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  i n
T r a n s e c t  2 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
50
TCt
60
50*
40-
30-
20 -
ZTOh
s 
O '
\
Z on e  1
h 4—  r —  i~  I I
6 /2  6 /13 8 /9  8 /26  9/20 10/(3
70
60
40
30*
lO
6 /2  6/13 8 /9  8 /2 6  9 /2 0  10/13
Zone 3
40
TO'
8 /9  8 /2 6  9/20 10/136 /2  6/13
Zone 470
60
40
30-
20
TO
8 /9  8 /2 6  9 /2 0  10/13
Transect 2
F i g u r e  15.  P r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  I n
T r a n s e c t  3 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n ,
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o
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70 Zone 2
60-
50 '
40
30'
20 '
lO
8/14 8 /27 9/23 10/116/4  6 /22
Zone 3
60.
40'
lO-
T T TT
70
60-
50-
40
30'
20
TO'
Zone 4
/
f— T
6 / t  6 /2 2 8/14 8 /2 7  9/23 10/11 6 /4  6 /2 2
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o f  T r a n s e c t  1,  b u t  t h e r e  was a s h a r p  i n c r e a s e  i n  Phase 1 
s p o r o c a r p s  i n  t h e  f o l l o w i n g  two we ek s .  A f t e r  t h e  J u l y  
s u b m e r g e n c e ,  t h e r e  was s i g n i f i c a n t l y  l e s s  Phase 1 s p o r o ­
c a r p s  p e r  q u a d r a t  i n  t h a t  z one .  The number  t h e n  r e ma i n e d  
r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  t h e  r e s t  o f  t h e  s a m p l i n g  
s e a s o n .
I n  zone 4 o f  b o t h  t r a n s e c t s ,  t h e r e  were no Phase 1 
s p o r o c a r p s  p r e s e n t  a t  t h e  b e g i n n i n g  o f  June .  I n  two weeks 
t h e r e  was a d e f i n i t e  i n c r e a s e  i n  p r o d u c t i o n  u n t i l  t h e  
b e g i n n i n g  o f  J u l y .  The r e  q u a l i t a t i v e l y  a p p e a r e d  t o  be a 
d e c r e a s e  i n  number  o f  Phase 1 s p o r o c a r p s  a f t e r  t h e  w a t e r  
r e c e d e d  a t  t h e  end o f  J u l y .  Th e r e  was a s i g n i f i c a n t l y  
l a r g e r  amoun t  o f  Phase 1 s p o r o c a r p s  i n  zones  2 and 3 d u r i n g  
t h e  f i r s t  p a r t  o f  A u g u s t  t h a n  i n  zone 4 o f  T r a n s e c t  2.  
However ,  d u r i n g  t h e  l a s t  h a l f  o f  A u g u s t ,  t h e r e  was a 
s i g n i f i c a n t  i n c r e a s e  i n  t h e  number  o f  Phase 1 s p o r o c a r p s  
i n  zone 4 o f  T r a n s e c t  2.
I n  zone 1 o f  T r a n s e c t  3 ,  t h e r e  were v e r y  f ew Phase 1 
s p o r o c a r p s  June 1 and no i n c r e a s e  was o b s e r v e d  u n t i l  l a t e  
A u g u s t .  The number  r e m a i n e d  c o n s t a n t  i n t o  O c t o b e r . Q u a l ­
i t a t i v e l y ,  t h i s  zone seemed t o  be c o n t r i b u t i n g  more Phase 1 
s p o r o c a r p s  t h a n  t h e  s i m i l a r  zones o f  t h e  o t h e r  t r a n s e c t s .  
Zone 2 o f  T r a n s e c t  3 i s  a l m o s t  i d e n t i c a l  t o  zone 1 o f  
t h a t  t r a n s e c t ,  e x c e p t  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  
numbers  i n  m i d - A u g u s t  w i t h  a d e c r e a s e  i n  numbers b e g i n n i n g  
i n  m i d - O c o t b e r .  Zone 3 i s  s i m i l a r  t o  zones  1 and 2 o f  t h a t
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t r a n s e c t .  The number  o f  Phase 1 s p o r o c a r p s  i s  p r a c t i c a l l y  
z e r o  b e f o r e  t h e  w a t e r  c o v e r e d  t h e  zone i n  J u l y .  I n  m i d -  
A u g u s t  t h e r e  was a s i g n i f i c a n t  i n c r e a s e ,  w h i c h  r e ma i n e d  
c o n s t a n t  u n t i l  a d e c r e a s e  i n  numbers  occurred i n  m i d - O c t o b e r .
Zone 4 o f  T r a n s e c t  3 i s  d i f f e r e n t  f r o m  a l l  o f  t h e  
o t h e r  zones  on t h a t  t r a n s e c t  and f r o m  zone 4 o f  t h e  o t h e r  
t r a n s e c t s .  T h e r e  were  no Phase 1 s p o r o c a r p s  by June 1 and 
no i n c r e a s e  i n  numbers b e f o r e  t h e  w a t e r  r o s e  i n  J u l y .  A f t e r  
t h e  w a t e r  r e c e d e d ,  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  
numbers o f  Phase 1 s p o r o c a r p s .  The number  r e ma i n e d  c o n s t a n t  
even i n t o  m i d - O c t o b e r ,  T h e r e  was a s i g n i f i c a n t l y  h i g h e r  
number  o f  Phase 1 s p o r o c a r p s  i n  zone 4 o f  T r a n s e c t  3 t h a n  
i n  a l l  t h e  o t h e r  zones  o f  t h e  t r a n s e c t  d u r i n g  Sep t ember  
and O c t o b e r .
I n  g e n e r a l ,  i f  t h e r e  was an i n c r e a s e  i n  number  o f  
Phase 1 s p o r o c a r p s  i n  T r a n s e c t s  1 and 2 i t  u s u a l l y  o c c u r r e d  
b e f o r e  t h e  zones wer e  c o v e r e d  w i t h  w a t e r  i n  J u l y .  An 
i n c r e a s e  i n  number  o f  s p o r o c a r p s  i n  T r a n s e c t  3 o c c u r r e d  
a f t e r  t h e  J u l y  su b me r g e n c e .  T h i s  i s  i n  c o n t r a s t  t o  t h e  
d a t a  on v e g e t a t i v e  g r o w t h .  The number  o f  l e a v e s  i n c r e a s e d  
b e f o r e  t h e  w a t e r  c o v e r e d  t h e  zones  i n  J u l y ,  o r  r e ma i n e d  
c o n s t a n t ,  b u t  t h e r e  was n e v e r  a n o t i c e a b l e  i n c r e a s e  i n  
v e g e t a t i v e  g r o w t h  a f t e r  t h e  w a t e r  r e c e d e d ,  e x c e p t  i n  
zone 2 o f  T r a n s e c t  3.
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Phase 2 and 3 S p o r o c a r p s . T r a n s e c t s  1 and 2 were 
s i m i l a r  w i t h  r e s p e c t  t o  v e g e t a t i v e  g r o w t h  and Phase 1 
s p o r o c a r p s .  They a r e  d i f f e r e n t  w i t h  r e s p e c t  t o  Phase 2 
and 3 s p o r o c a r p  numbers ( F i g u r e s  16,  17,  and 1 8 ) .  Zone 1 
i n  T r a n s e c t  2 had a s i g n i f i c a n t l y  h i g h e r  number  o f  Phase 2 
and 3 s p o r o c a r p s  on June 1 t h a n  zone 1 i n  T r a n s e c t  1. 
However ,  t h e  numbers  r e m a i n e d  c o n s t a n t  i n  b o t h  t r a n s e c t s  
f o r  t h a t  zone .
In  zone 2 o f  T r a n s e c t s  1 and 2,  t h e r e  was a s i g n i f i ­
c a n t l y  h i g h e r  number  o f  Phase 2 and 3 s p o r o c a r p s  t h a n  i n  
zone 1 i n  A u g u s t  and S e p t e m b e r ,  b u t  zone 2 o f  T r a n s e c t  2 
a l s o  had a s i g n i f i c a n t l y  h i g h e r  number  o f  t h e s e  s p o r o c a r p s  
t h a n  o f  zone 2 on T r a n s e c t  1 i n  e a r l y  J u n e .  In zone 2 
o f  T r a n s e c t  1 t h e r e  was a s i g n i f i c a n t  i n c r e a s e  o f  t h e s e  
s p o r o c a r p s  d u r i n g  A u g u s t ,  b u t  t h e r e  was a c o n s t a n t  number  
t h r o u g h o u t  A u g u s t  i n  zone 2 o f  T r a n s e c t  2.
T h e r e  i s  a d i f f e r e n c e  i n  zone 3 o f  t h e  two t r a n s e c t s .  
They began t h e  season w i t h  a b o u t  t h e  same number  o f  Phase 
2 and 3 s p o r o c a r p s ,  b u t  i n  T r a n s e c t  1 t h e r e  was a s i g n i f i ­
c a n t  i n c r e a s e  d u r i n g  l a t e  A u g u s t  t h a t  r e ma i n e d  c o n s t a n t  
i n t o  O c t o b e r .  I n  T r a n s e c t  2,  t h e r e  was no n o t i c e a b l e  
i n c r e a s e  t h r o u g h o u t  t h e  se a s o n .  I n  b o t h  t r a n s e c t s ,  zone 3 
had a s i g n i f i c a n t l y  l a r g e r  amount  o f  s p o r o c a r p s  d u r i n g  
mos t  o f  t h e  s a m p l i n g  d a t e s  t h a n  o f  zones 1 and 4 o f  t h o s e  
t r a n s e c t s .
F i g u r e  16.  P r o d u c t i o n  o f  Phase 2 and 3 s p o r o c a r p s  i n  
T r a n s e c t  1 t h r o u g h o u t  t h e  s a m p l i n g  se a s o n .
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F i g u r e  17.  P r o d u c t i o n  o f  Phase 2 and 3 s p o r o c a r p s  i n  
T r a n s e c t  2 t h r o u g h o u t  t h e  s a m p l i n g  season
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F i g u r e  18.  P r o d u c t i o n  o f  Phase 2 and 3 s p o r o c a r p s  i n  
T r a n s e c t  3 t h r o u g h o u t  t h e  s a m p l i n g  se a s o n .
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Zone 4 o f  b o t h  t r a n s e c t s  wer e  s i m i l a r .  They b o t h  
had f e w e r  s p o r o c a r p s  p r e s e n t  a t  t h e  b e g i n n i n g  o f  t h e  season 
t h a n  i n  zone 3 o f  b o t h  t r a n s e c t s  and t h e  number  r e ma i n e d  
c o n s t a n t  t h r o u g h o u t  t h e  s e a s o n .
The zones  o f  T r a n s e c t  3 were  n o t  s i m i l a r  t o  t h e  zones 
o f  T r a n s e c t s  1 and 2.  Zone 1 had a s i g n i f i c a n t l y  l a r g e r  
number  o f  Phase 2 and 3 s p o r o c a r p s  a t  t h e  b e g i n n i n g  o f  t h e  
season t h a n  o f  t h e  o t h e r  s i m i l a r l y  numbered zones i n  o t h e r  
t r a n s e c t s ,  b u t  l i k e  t h e s e  o t h e r  z o n e s ,  t h e  number  o f  s p o r o ­
c a r p s  r e m a i n e d  c o n s t a n t  t h r o u g h o u t  t h e  s e a s o n .  Zone 1 a l s o  
had a s i g n i f i c a n t l y  l a r g e r  number  o f  s p o r o c a r p s  t h a n  t h e  
o t h e r  zones  o f  t h e  t r a n s e c t  on June 4.
Zone 2 o f  T r a n s e c t  3 had a s i g n i f i c a n t l y  l o w e r  number  
o f  Phase 2 and 3 s p o r o c a r p s  t h a n  o f  zone 2 i n  T r a n s e c t  2 
i n  June and t h e  number  r e m a i n e d  c o n s t a n t  t h r o u g h  t h e  season
Zone 3 o f  T r a n s e c t  3 had s i g n i f i c a n t l y  f e w e r  numbers 
o f  s p o r o c a r p s  t h a n  zone 3 i n  T r a n s e c t  2 i n  June and l a t e  
A u g u s t  and Se p t emb er  and t h e  number  r e m a i n e d  c o n s t a n t  
t h r o u g h  t h e  s e a s o n .
In  zone 4 o f  T r a n s e c t  3 ,  t h e r e  were  s i g n i f i c a n t l y  
f e w e r  s p o r o c a r p s  t h a n  i n  zone 4 o f  T r a n s e c t  2 i n  e a r l y  
J u n e ,  b u t  t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  t h e  number  
p r e s e n t  by m i d - O c t o b e r .
T h e r e  was an i n c r e a s e  i n  t h e  numbers o f  Phase 2 and 
3 s p o r o c a r p s  i n  zones  2 and 3 o f  T r a n s e c t  1 a f t e r  s u b m e r ­
gence  and i n  zone 4 o f  T r a n s e c t  3 i n  O c t o b e r .  I n  a l l  o f
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t h e  o t h e r  z o n e s ,  t h e  number  r em a i n e d  c o n s t a n t  t h r o u g h o u t  
t h e  s e a s o n .
The r a t i o  o f  t h e  number  o f  Phase 2 s p o r o c a r p s  t o  t h e  
number  o f  Phase 3 s p o r o c a r p s  on t h e  l a s t  s a m p l i n g  d a t e  f o r  
each t r a n s e c t  i s  g i v e n  i n  F i g u r e  19.  A t  t h e  b e g i n n i n g  o f  
t h e  s e a s o n ,  t h e r e  were  no Phase 2 s p o r o c a r p s .  Q u a l i t a t i v e l y ,  
t h e  f i r s t  Phase 2 s p o r o c a r p s  were o b s e r v e d  i n  A u g u s t .  The 
r a t i o  i s  c o n s t a n t  f o r  a l l  zones i n  T r a n s e c t  1 and i s  a l wa y s  
l e s s  t h a n  1.  The same i s  t r u e  f o r  T r a n s e c t  2.  I n  T r a n ­
s e c t  3 ,  t h e  r a t i o  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  
zones 1,  2 ,  and 3,  b u t  zone 4 had a s i g n i f i c a n t l y  h i g h e r  
r a t i o  o f  Phase 2 s p o r o c a r p s  t o  Phase 3 s p o r o c a r p s  t h a n  i n  
zones  1 and 2.
Phase 4 S p o r o c a r p s . The number  o f  Phase 4 s p o r o c a r p s  
i n  zone 1 o f  a l l  t h r e e  t r a n s e c t s  i s  l ow a t  t h e  b e g i n n i n g  
o f  t h e  season  and r e m a i n s  c o n s t a n t  t h r o u g h o u t  t h e  season 
( F i g u r e s  20 ,  21 ,  and 2 2 ) .
I n  zone 2 o f  a l l  t h e  t r a n s e c t s ,  t h e  number  i s  s t i l l  
l o w  a t  t h e  b e g i n n i n g  o f  t h e  season and r e m a i n s  c o n s t a n t  
t h r o u g h o u t  t h e  s e a s o n .
I n  zone 3 o f  T r a n s e c t s  1 and 3,  t h e r e  i s  an i n c r e a s e  
i n  Phase 4 s p o r o c a r p s  f r o m  June t o  l a t e  A u g u s t  and l a t e  
S e p t e m b e r ,  r e s p e c t i v e l y .  The number  r em a i n e d  c o n s t a n t  i n  
T r a n s e c t  2.
I n  zone 4 ,  t h e  number  o f  Phase 4 s p o r o c a r p s  was l ow 
i n  June and r e m a i n e d  l ow t h r o u g h o u t  t h e  season  i n  T r a n s e c t s
F i g u r e  19.  R a t i o  o f  Phase 2 s p o r o c a r p s  t o  Phase 3 
s p o r o c a r p s  i n  T r a n s e c t s  1 ,  2 ,  and 3 on 
t h e  l a s t  s a m p l i n g  d a t e .
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F i g u r e  20,  P r o d u c t i o n  o f  Phase 4 s p o r o c a r p s  i n
T r a n s e c t  1 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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F i g u r e  21 ,  P r o d u c t i o n  o f  Phase 4 s p o r o c a r p s  i n
T r a n s e c t  2 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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F i g u r e  22,  P r o d u c t i o n  o f  Phase 4 s p o r o c a r p s  i n
T r a n s e c t  3 t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n .
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1 and 3.  I n  T r a n s e c t  2 ,  t h e r e  was an i n c r e a s e  i n  Phase 4 
s p o r o c a r p s  i n  l a t e  S e p t e mb e r .
I n  g e n e r a l ,  t h e r e  were i n i t i a l l y  f ew Phase 4 s p o r o ­
c a r p s  i n  a l l  zones  o f  a l l  t r a n s e c t s  and t h i s  number  r e m a i n e d  
c o n s t a n t ,  e x c e p t  i n  zone 3 o f  T r a n s e c t  1,  zone 4 o f  T r a n ­
s e c t  2 ,  and zone 3 o f  T r a n s e c t  3,  where  t h e r e  was a n o t e d  
s i g n i f i c a n t  i n c r e a s e  somet i me a f t e r  t h e  J u l y  f l o o d i n g .
T h e r e  wer e  two t y p e s  o f  a b o r t e d  s p o r o c a r p s :  Phase 2 
s p o r o c a r p s  t h a t  began t o  d e t e r i o r a t e  and Phase 1 s p o r o c a r p s  
t h a t  s t o p p e d  g r o w t h  soon a f t e r  i n i t i a t i o n .  Q u a l i t a t i v e  
o b s e r v a t i o n s  showed t h a t  t h e  f i r s t  t y p e  o c c u r r e d  m a i n l y  
a f t e r  m i d - A u g u s t  on we t  s o i l s .  The second t y p e  o c c u r r e d  
m o s t l y  i n  zones  ups 1 ope on d r y  s o i l s .
Q u a l i t a t i v e  F i e l d  O b s e r v a t i o n s  
on t h e  Sexua l  L i f e  C y c l e
I n f e r e n c e s  can be made on t h e  t i m e  o f  i n i t i a t i o n  and 
m a t u r a t i o n  o f  t h e  s p o r o c a r p s  i n  n a t u r e  f r o m  t h e  q u a n t i t a t i v e  
d a t a  p r e v i o u s l y  r e p o r t e d .  The g e r m i n a t i o n  o f  s p o r o c a r p s  
o f  M a r s i 1ea was o b s e r v e d  i n  t h e  f i e l d .  The t i m e  and 
numbers  o f  g e r m i n a t i n g  s p o r o c a r p s  were r e c o r d e d  and a p p e a r  
i n  T a b l e  9.  A l l  o f  t h e  o b s e r v a t i o n s  o f  g e r m i n a t i o n  f r o m  
May 3 t h r o u g h  J u n e 24 o c c u r r e d  i n  t h e  w a t e r  w i t h i n  a r an ge  
o f  1 . 2 2  m f r o m  s h o r e .  Data f r o m  T a b l e  9 ,  comb i ned  w i t h  
d a t a  f r o m  T a b l e  7 on t h e  a r e a  o f  t r a n s e c t s  c o v e r e d  by 
w a t e r  t h r o u g h o u t  t h e  s a m p l i n g  s e a s o n , p r o v i d e s  i n f o r m a t i o n  
on w h i c h  zones  c o n t a i n e d  g e r m i n a t i n g  s p o r o c a r p s .  The s t u d y
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T a b l e  9
Number o f  Obse r ved S p o r o c a r p s Germi  n a t i  ng i n  t h e  F i e l d
Da te
Pond 
s t u d y  a r e a
A d j a c e n t  
pond 
s t u d y  a r e a
R e s e r v o i r  
s t u d y  a r ea
A d j a c e n t  
r e s e r v o i  r  
s t u d y  a r ea
May 3 0 8 0 1
May 1 0 7 0 1 5
May 1 7 2 0 0 5
May 26 0 0 0 2
June 22 5 19 0 97
June 24 >100 >300
O c t .  11 3 0 0 0
a r e a  z o n a t i o n  p a t t e r n  was e x t e n d e d  t o  t h e  a d j a c e n t  s t u d y  
a r e a s  t o  e n a b l e  r e p o r t i n g  t h e  a r e a  o f  g e r m i n a t i o n s  i n  them
The e a r l i e s t  n o t e d  g e r m i n a t i o n  o c c u r r e d  on May 3 i n  
zone 4.  The maximum number  o f  g e r m i n a t i o n s  o c c u r r e d  i n  
t h e  t h i r d  week o f  J u n e ,  j u s t  b e f o r e  t h e  w a t e r  c o v e r e d  
t h e  e n t i r e  a r e a  d u r i n g  t h e  month o f  J u l y .  A l l  o b s e r v e d  
g e r m i n a t i o n s  o c c u r r e d  i n  zones 3 and 4.  F i g u r e  23 shows 
many g e r m i n a t e d  s p o r o c a r p s  f r o m  t h e  a r e a  o f  l a r g e  accu mu l a  
t i o n  o f  Phase 3 s p o r o c a r p s  ( F i g u r e  3 ) .
O n l y  Phase 3 s p o r o c a r p s  g e r m i n a t e d  f r o m  May 3 t o  
June 24.  T h e r e  wer e  a l s o  Phase 1 s p o r o c a r p s  p r e s e n t  a t  
t h a t  t i m e ,  b u t  a t  t h a t  p o i n t  i n  t h e i r  d e v e l o p m e n t  t h e y  a r e  
u n a b l e  t o  g e r m i n a t e .  I t  c o u l d  n o t  be d e t e r m i n e d  wh a t  
p e r c e n t  o f  t h e  g e r m i n a t i n g  s p o r o c a r p s  were a t t a c h e d  t o  
r h i z o m e s .  T h e r e  a r e  many u n a t t a c h e d  Phase 3 s p o r o c a r p s
F i g u r e  23 .  G e r m i n a t i o n  o f  s p o r o c a r p s  i n  t h e  f i e l d  i n  
w a t e r .
a.  Ex tended s p o r o p h o r e  w i t h  a t t a c h e d  s o r i
F i g u r e  24 ,  A c c u m u l a t i o n  o f  Phase 2 s p o r o c a r p s  on t h e  
sh o r e  o f  t h e  r e s e r v o i r .
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a l o n g  t h e  s h o r e l i n e  o f  t h e  a d j a c e n t  r e s e r v o i r  s t u d y  a r e a .  
F i g u r e  24 shows a p o r t i o n  o f  t h e  a r e a  o f  l a r g e  a c c u m u l a ­
t i o n  o f  Phase 3 s p o r o c a r p s  ( F i g u r e  3) c o v e r e d  by t h o u s a n d s  
o f  Phase 3 s p o r o c a r p s .
On O c t o b e r  11,  when a l l  zones had been f r e e  o f  
s t a n d i n g  w a t e r  s i n c e  t h e  b e g i n n i n g  o f  A u g u s t ,  t h r e e  
ge r m i  n a t i o n s  wer e  o b s e r v e d  i n  zone 1 o f  T r a n s e c t  1.  I t  
c o u l d  n o t  be d e t e r m i n e d  w h e t h e r  t h e s e  g e r m i n a t i n g  s p o r o ­
c a r p s  wer e  Phase 2 o r  Phase 3 s p o r o c a r p s .
No new s p o r o p h y t e  p l a n t s ,  r e s u l t i n g  f r o m  s p o r o c a r p  
g e r m i n a t i o n ,  were  o b s e r v e d  d u r i n g  t h e  s a m p l i n g  sea son .
L a b o r a t o r y  S t u d i e s  on 
S p o r o c a r p  V i a b i l i t y
The d a t a  on t h e  v i a b i l i t y  o f  s p o r o c a r p s  a r e  g i v e n  
i n  F i g u r e s  25 ,  26 ,  and 27.  Th e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  p e r c e n t a g e  o f  megagamet ophy t e s  o r  s p o r o -  
p h y t e s  f o r m e d  f r o m  Phase 3 s p o r o c a r p s  t h a t  had d e v e l o p e d  
i n  d i f f e r e n t  zones  i n  any o f  t h e  t h r e e  t r a n s e c t s  u s i n g  
t h e  K r u s k u 1- W a l l i s  S t a t i s t i c a l  t e s t .  The r e  was a l s o  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p e r c e n t a g e  o f  megaspores  
r e t a i n e d  w i t h i n  t h e  s p o r o c a r p  w a l l  o f  Phase 3 s p o r o c a r p s , 
u s i n g  t h e  K o l m o g o r o v - S m i r n o v  s t a t i s t i c a l  t e s t .  I f  mega­
s p o r e s  wer e  r e t a i n e d  w i t h i n  s p o r o c a r p s ,  i t  was m a i n l y  due 
t o  t h e  f a c t  t h a t  t h e  s p o r o p h o r e  r e m a i n e d  w i t h i n  t h e  s p o r o ­
c a r p  w a l l s .  Some megaspor es  were  f r e e d  f r o m  t h e  s p o r o c a r p
F i g u r e  25.  P e r c e n t  megagametophy tes  f o r me d  f r o m  
Phase 2 and Phase 3 s p o r o c a r p s .
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F i g u r e  26.  P e r c e n t  s p o r o p h y t e s  f o r me d  f r o m  Phase 2 
and Phase 3 s p o r o c a r p s .
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F i g u r e  27.  P e r c e n t  megaspores  r e t a i n e d  I n  Phase 2 and 
Phase 3 s p o r o c a r p s  a f t e r  s c a r i f i c a t i o n .
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w i t h o u t  t h e  e x u d a t i o n  o f  t h e  s o r o p h o r e ,  b u t  n o t  many.
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be t ween t h e  p e r c e n t  
o f  me g a g a me t o p h y t e s  and t h e  p e r c e n t  o f  s p o r o p h y t e s  f o r me d  
f r o m  Phase 3 s p o r o c a r p s  o f  a l l  t h e  zones i n  a l l  o f  t h e  
t r a n s e c t s .
The r e s u l t s  we r e  s i m i l a r  f o r  Phase 2 s p o r o c a r p s .
U s i n g  t h e  K r u s k u l - W a l l i s  t e s t ,  t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  p e r c e n t a g e  o f  s p o r o p h y t e s  f o r me d  f r o m 
s p o r o c a r p s  o f  d i f f e r e n t  z o n e s .  S i m i l a r l y ,  t h e r e  was no 
d i f f e r e n c e  i n  t h e  p e r c e n t  o f  r e t e n t i o n  o f  megaspor es  
w i t h i n  Phase 2 s p o r o c a r p  w a l l s  f r o m  d i f f e r e n t  zones o f  
a l l  t h e  t r a n s e c t s .
Us i n g  t h e  K o l m o g o r o v - S m i r n o v  t e s t ,  t h e r e  was a 
s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  megagame t ophy t e s  f r om 
Phase 2 s p o r o c a r p s  c o l l e c t e d  f r o m  zones  1 and 2 t h a n  
f r o m  zones  3 and 4 o f  each o f  t h e  t r a n s e c t s .  The r e  was 
a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  megagame t ophy t e s  t h a n  
s p o r o p h y t e s  i n  Phase 2 s p o r o c a r p s  f r o m  zones  1 and 2 o f  
a l l  t h e  t r a n s e c t s .  T h e r e  was no d i f f e r e n c e  be t ween t h e  
p e r c e n t  o f  meg ag ame t ophy t e s  and t h e  p e r c e n t  o f  s p o r o p h y t e s  
f o r m e d  i n  zones  3 and 4 o f  T r a n s e c t s  1 and 2,  b u t  t h e r e  
was a s i g n i f i c a n t  d i f f e r e n c e  f r o m  t h o s e  f o r me d  i n  zones 
3 and 4 o f  T r a n s e c t  3.
A s t r i k i n g  d i f f e r e n c e  e x i s t s  be t ween  t h e  d a t a  f r o m  
Phase 3 and Phase 2 s p o r o c a r p s .  The r e  i s  a s i g n i f i c a n t l y
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h i g h e r  p e r c e n t  o f  megagame t ophy t e s  and s p o r o p h y t e s  f o r med  
f r o m  Phase 3 s p o r o c a r p s  t h a n  f r o m  Phase 2 s p o r o c a r p s .
The a v e r a g e  p e r c e n t  o f  megagame t ophy t e s  f r o m Phase 3 
s p o r o c a r p s  was 4 9 . 8  + 3.9%.  The a v e r a g e  p e r c e n t  o f  mega­
game t ophy  t e s  f r o m  Phase 2 s p o r o c a r p s  was 8 . 8  +_ 2.4%.  The 
a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  f r o m  Phase 3 s p o r o c a r p s  
was 4 4 . 6  ± 4 . 1%.  The a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  f r o m  
Phase 2 s p o r o c a r p s  was 1 . 2  + 1.1%.  Th e r e  was a l s o  a 
s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  megaspores  r e t a i n e d  w i t h i n  
t h e  Phase 2 s p o r o c a r p s  t h a n  i n  t h e  Phase 3 s p o r o c a r p s .
L a b o r a t o r y  S t u d i e s  on t h e  
M a t u r a t i o n  and G e r m i n a t i o n  
o f  S p o r o c a r p s
The d a t a  f r o m  e x p e r i m e n t s  i n v o l v i n g  f r e e z i n g  and h e a t  
t r e a t m e n t s  o f  s p o r o c a r p s  a r e  r e p r e s e n t e d  i n  F i g u r e s  28 and 
29.  Phase 2 s p o r o c a r p s  t h a t  had been f r o z e n  f o r  two weeks 
and t h e n  t r e a t e d  w i t h  h e a t  i n  an oven a t  60®C f o r  12 h o u r s  
we r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  Phase 2 s p o r o c a r p s  
t h a t  had j u s t  been f r o z e n  f o r  two we ek s ,  u s i n g  t h e  K r u s k u l  
W a l l i s  t e s t .  Us i n g  t h e  K o l m o g o r o v - S m i r n o v  t e s t ,  t h e r e  was 
a s i g n i f i c a n t l y  l o w e r  amount  o f  megaspor es  r e t e n t i o n  w i t h  
Phase 2 s p o r o c a r p s  t h a t  had been f r o z e n  f o r  two weeks and 
t h e n  t r e a t e d  w i t h  h e a t  t h a n  w i t h  Phase 2 s p o r o c a r p s  t h a t  
we r e  u n t r e a t e d .  U n t r e a t e d  Phase 2 s p o r o c a r p s  f r o m  zone 1 
o f  T r a n s e c t  1,  chosen r a n d o m l y  f r o m  t h e  v i a b i l i t y  s t u d y ,  
we r e  used as a c o m p a r a t i v e  c o n t r o l .
F i g u r e  28.  F r e e z i n g  and h e a t  t r e a t m e n t s  on Phase 2 
s p o r o c a r p s .
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Phase 3 s p o r o c a r p s  t h a t  had been f r o z e n  f o r  f o u r  
weeks wer e  n o t  d i f f e r e n t  f r o m  u n t r e a t e d  Phase 3 s p o r o c a r p s .  
U n t r e a t e d  Phase 3 s p o r o c a r p s  f r o m  zone 1 o f  T r a n s e c t  1 
wer e  chosen  r a n d o m l y  f r o m  t h e  v i a b i l i t y  s t u d y  and used as 
a c o n t r o l .
Phase 2 s p o r o c a r p s  t h a t  had j u s t  been g i v e n  a h e a t  
t r e a t m e n t  were  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  u n t r e a t e d  
Phase 2 s p o r o c a r p s  and n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m 
u n t r e a t e d  Phase 3 s p o r o c a r p s ,  u s i n g  t h e  K o l m o g o r o v - S m i r n o v  
t e s t .  T h e r e  was a s i g n i f i c a n t l y  l o w e r  p e r c e n t a g e  o f  
megaspor es  r e t a i n e d  and a s i g n i f i c a n t l y  h i g h e r  p e r c e n t a g e  
o f  s p o r o p h y t e s  f o r m e d  i n  t h e  h e a t  t r e a t e d  Phase 2 s p o r o ­
c a r p s  t h a n  i n  t h e  u n t r e a t e d  Phase 2 s p o r o c a r p s .  However ,  
t h e r e  was no d i f f e r e n c e  i n  t h e  p e r c e n t a g e  o f  megagameto­
phy t e s  f o r m e d .
T h e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  megagameto­
phy t e s  and s p o r o p h y t e s  f o r me d  and a s i g n i f i c a n t l y  l o w e r  
p e r c e n t  o f  megaspor e  r e t e n t i o n  i n  Phase 2 s p o r o c a r p s  
t r e a t e d  w i t h  h e a t  t h a n  w i t h  Phase 2 s p o r o c a r p s  f r o z e n  f o r  
two weeks and t h e n  t r e a t e d  w i t h  h e a t ,  u s i n g  t h e  K o l m o g o r o v -  
Smi r n o v  t e s t .
Th e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  s p o r o p h y t e s  
f o r m e d  f r o m  megaspor es  comi ng f r o m  Phase 2 s p o r o c a r p s  t h a t  
had been c r a c k e d  w i t h  p l i e r s  t o  expose  a l l  o f  t h e  mega­
s p o r e s ,  t h a n  f r o m  u n t r e a t e d  Phase 2 s p o r o c a r p s ,  u s i n g  t h e
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K o l m o g o r o v - S m i r n o v  t e s t  a t  a s i g n i f i c a n c e  l e v e l  o f  0 . 2 8 .  
T h e r e  was no d i f f e r e n c e  i n  t h e  p e r c e n t  o f  v i a b l e  megaspores  
f o r m e d .
The a c i d i t y  o f  t h e  i n c u b a t i o n  medium had an e f f e c t  on 
t h e  p e r c e n t  o f  s p o r o p h y t e s  f o r me d  ( F i g u r e  2 9 ) .  I n  i n c u ­
b a t i o n  medium w i t h  pH 4 . 2 ,  t h e r e  were  s i g n i f i c a n t l y  f e w e r  
s p o r o p h y t e s  f o r m e d  t h a n  i n  i n c u b a t i o n  medium w i t h  pH 5 . 8 ,  
b u t  t h e r e  was no d i f f e r e n c e  i n  t h e  p e r c e n t  o f  megagameto­
phy t e s  o r  t h e  p e r c e n t  o f  r e t e n t i o n  o f  megaspores  u s i n g  
t h e  K r u s k u l - W a l l i s  t e s t .
S e v e n t y - t w o  Phase 3 s p o r o c a r p s  were p l a c e d  i n  w a t e r  
f o r  two m o n t h s ,  u n s c a r i f i e d ,  a f t e r  f o u r  weeks o f  f r e e z i n g .  
O n l y  one o f  t h e s e  s p o r o c a r p s  g e r m i n a t e d  and p r o d u c e d  many 
s p o r o p h y t e s .
Of  t h e  21 Phase 2 s p o r o c a r p s  p l a c e d  i n  p e t r i  d i s h e s  
w i t h  d i s t i l l e d  w a t e r  f o r  f i v e  m o n t h s ,  o n l y  two o f  them 
g e r m i n a t e d ,  b u t  no s p o r o p h y t e s  were  f o r m e d .  Of  t h e  21 
Phase 3 s p o r o c a r p s  p l a c e d  i n  p e t r i  d i s h e s  w i t h  d i s t i l l e d  
w a t e r  f o r  f i v e  m o n t h s ,  none o f  t h e  s p o r o c a r p s  g e r m i n a t e d .  
The r e  was c o n s i d e r a b l e  amount s  o f  f u n g i  i n  t h e  p e t r i  
d i s h e s  c o n t a i n i n g  Phase 2 s p o r o c a r p s ,  b u t  l i t t l e  f u n g a l  
a c t i v i t y  was o b s e r v e d  i n  t h e  p e t r i  d i s h e s  c o n t a i n i n g  
Phase 3 s p o r o c a r p s .
CHAPTER IV
DISCUSSION AND CONCLUSIONS
E f f e c t s  on V e g e t a t i v e  
Gr owt h  o f  M a r s i l e a
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  t o t a l  
number  o f  l e a v e s  p r o d u c e d  t h r o u g h o u t  t h e  s a m p l i n g  season 
i n  T r a n s e c t s  1,  2,  and 3.  A l t h o u g h  T r a n s e c t s  1 and 2 
were  on an e a s t - f a c i n g  s l o p e  and T r a n s e c t  3 was on a 
s o u t h - f a c i n g  s l o p e ,  t h e  l ow h e i g h t  o f  t h e  embankment  
c a n c e l l e d  any s i g n i f i c a n t  e f f e c t  due t o  t h e  amount  and 
i n t e n s i t y  o f  l i g h t  r e c e i v e d  by t h e  p l a n t s .
Th e r e  were  t h r e e  e d a p h i c  f a c t o r s  t h a t  were  d i f f e r e n t  
be t ween  t h e  pond s t u d y  a r e a  and t h e  r e s e r v o i r  s t u d y  a r e a .  
T r a n s e c t s  1 and 2 had s o i l s  w i t h  a h i g h  p e r c e n t  o f  o r g a n i c  
m a t t e r ,  a pH 7 . 0 ,  and a l ow c o n t e n t  o f  g r a v e l  t o  v e r y  
c o a r s e  s a n d ,  w h i l e  T r a n s e c t  3 had s o i l s  w i t h  a l ow p e r c e n t  
o f  o r g a n i c  m a t t e r ,  a pH 8 . 0 ,  and a h i g h  c o n t e n t  o f  g r a v e l  
and v e r y  c o a r s e  sand .  These f a c t o r s  d i d  n o t  d i r e c t l y  
e f f e c t  t h e  number  o f  l e a v e s  p r o d u c e d  d u r i n g  t h e  s a m p l i n g  
season  be t ween  t r a n s e c t s .  Gopel  ( 1 9 7 1 ) ,  u s i n g  e i g h t  
p o p u l a t i o n s  o f  f i v e  d i f f e r e n t  I n d i a n  s p e c i e s  o f  M a r s i l e a , 
showed t h a t  i n  a l l  p o p u l a t i o n s ,  t h e  s o i l  o r g a n i c  m a t t e r
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p r o m o t e d  g r o w t h  c o n s i d e r a b l y .  However ,  o n l y  t h e  f i v e  
i n d i v i d u a l  s p e c i e s  o f  Mars i l e a  were  grown i n  d i f f e r e n t  
s o i l s .  I n  n a t u r e .  M a r s i 1ea mus t  compete  w i t h  o t h e r  p l a n t  
s p e c i e s .  T h i s  f a c t o r  w o u l d  i n t e r f e r e  w i t h  t h e  e f f e c t  o f  
o r g a n i c  m a t t e r  on t h e  g r o w t h  o f  M a r s i 1e a .
T h e r e  was no d i f f e r e n c e  i n  p e r c e n t  c o v e r  o f  o t h e r  
p l a n t  s p e c i e s  i n  zone 2 o f  a l l  t h e  t r a n s e c t s .  The same 
was t r u e  f o r  zones  3 and 4 ,  and t h e r e  was no d i f f e r e n c e  
i n  t h e  number  o f  l e a v e s  o f  M a r s i 1ea be t ween t r a n s e c t s  i n  
s i m i l a r  numbered zones o f  2 ,  3 ,  and 4.  The r e  was a h i g h e r  
p e r c e n t  c o v e r  o f  o t h e r  p l a n t  s p e c i e s  i n  zone 1 o f  T r a n s e c t s  
1 and 2 t h a n  zone 1 o f  T r a n s e c t  3 ,  b u t  t h e  number  o f  l e a v e s  
o f  M a r s i 1ea p r e s e n t  t h r o u g h o u t  t h e  g r o w i n g  season was t h e  
same f o r  zone 1 i n  a l l  o f  t h e  t r a n s e c t s .  The p e r c e n t  
c o v e r  o f  o t h e r  p l a n t s  d i d  n o t  a f f e c t  t h e  number  o f  l e a v e s  
p r e s e n t .  S o i l s  w i t h  h i g h e r  p e r c e n t  o r g a n i c  m a t t e r  do 
f a v o r  h i g h e r  p l a n t  p r o d u c t i o n .
The c o v e r  o f  o t h e r  p l a n t  s p e c i e s  was i n d i r e c t l y  
c o r r e l a t e d  w i t h  t h e  number  o f  Mars i l e a  l e a v e s  be t ween zones 
o f  i n d i v i d u a l  t r a n s e c t s .  Zone 1 o f  a l l  t h e  t r a n s e c t s  had 
t h e  h i g h e s t  p e r c e n t  c o v e r  o f  o t h e r  p l a n t  s p e c i e s  t h a n  t h e  
o t h e r  zones  o f  t he  t r a n s e c t  and a l s o  had t h e  l o w e s t  number  
o f  M a r s i 1ea l e a v e s  t h a n  t h e  o t h e r  z o n e s .  The f a c t  t h a t  
c o v e r  o f  o t h e r  p l a n t  s p e c i e s  d i d  n o t  e f f e c t  t h e  number  o f  
l e a v e s  o f  M a r s i l e a  i n  s i m i l a r  numbered z o n e s ,  b u t  d i d
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e f f e c t  t h e  number  o f  l e a v e s  o f  M a r s i l e a  be tween zones o f  
each t r a n s e c t  shows t h a t  a n o t h e r  f a c t o r  mus t  have been 
d i r e c t l y  a f f e c t i n g  t h e  v e g e t a t i v e  g r o w t h  o f  b o t h  M a r s i 1ea 
and o t h e r  p l a n t  s p e c i e s .
A l l  t h r e e  t r a n s e c t s  r an  do wn s l o p e  p e r p e n d i c u l a r  t o  
t h e  s h o r e l i n e  o f  t h e  s t u d y  a r e a s .  Zone 1,  an a r e a  f a r t h e s t  
ups 1 o p e , had s i g n i f i c a n t l y  f e w e r  l e a v e s  p r e s e n t  t h a n  a l l  
o f  t h e  o t h e r  zones  i n  T r a n s e c t  1,  and zone 1 o f  T r a n s e c t  
2 had f e w e r  l e a v e s  p r e s e n t  t h a n  zones 3 and 4 i n  t h a t  
t r a n s e c t  i n  e a r l y  June and m i d -  and l a t e  A u g u s t .  T h i s  
i n d i c a t e s  t h a t  M a r s i 1ea may have a r e q u i r e m e n t  f o r  a 
c e r t a i n  l e v e l  o f  m o i s t u r e  t o  p r o s p e r  v e g e t a t i v e l y . By 
m i d - S e p t e m b e r ,  t h e r e  was a s i g n i f i c a n t l y  h i g h e r  number  o f  
l e a v e s  p r e s e n t  i n  zone 4 ,  t h e  a r e a  n e a r e s t  t h e  s t a n d i n g  
w a t e r ,  t h a n  i n  t h e  o t h e r  zones o f  T r a n s e c t s  2 and 3.
Zones 1,  2 ,  and 3 became d e f i c i e n t  i n  a f a c t o r  n e c e s s a r y  
f o r  h i g h  v e g e t a t i v e  r e p r o d u c t i o n .  T h i s  was p r o b a b l y  
s u f f i c i e n t  s o i l  m o i s t u r e .  A l l  zones  were  e q u a l l y  r e c e p t i v e  
t o  p r e c i p i t a t i o n  d u r i n g  t h e  s e a s o n ,  b u t  t h e  r a t e  o f  r u n o f f  
and seepage  was h i g h e r  i n  a r e a s  ups 1 o p e . Gopal  ( 1 9 7 0 )  a l s o  
f o u n d  t h a t  s i g n i f i c a n t  m o i s t u r e  was r e q u i r e d  f o r  t h e  
o p t i m a l  g r o w t h  o f  M a r s i 1e a . On t h e  o t h e r  hand ,  zone 4 
had s i g n i f i c a n t l y  f e w e r  l e a v e s  d u r i n g  t h e  e a r l i e r  p a r t  
o f  t h e  s a m p l i n g  season  t h a n  i n  m i d - S e p t e m b e r .  S o i l  m o i s t u r e  
c o n t e n t  mus t  have been t o o  h i g h  f o r  o p t i m a l  v e g e t a t i v e
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g r o w t h .  T h u s ,  t h e r e  was an o p t i m a l  r an ge  o f  s o i l  m o i s t u r e  
c o n t e n t ,  above and b e l o w  w h i c h  v e g e t a t i v e  r e p r o d u c t i o n  
d e c l i  n e s .
The p r o d u c t i o n  o f  l e a v e s  r e ma i n e d  c o n s t a n t  d u r i n g  
t h e  J u l y  submer gence  i n  zones  1 and 2 o f  T r a n s e c t s  1 and 
2,  b u t  d e c r e a s e d  s i g n i f i c a n t l y  d u r i n g  t h e  f l o o d i n g  i n  
zones  3 and 4 o f  T r a n s e c t  1 and zone 4 o f  T r a n s e c t  2.
Gopal  ( 1 9 7 0 )  f o u n d  t h a t  a l t h o u g h  a s u f f i c i e n t  s o i l  m o i s t u r e  
was r e q u i r e d  f o r  o p t i m a l  g r o w t h ,  t h a t  none o f  t h e  s p e c i e s  
o r  p o p u l a t i o n s  he s t u d i e d  c o u l d  e n d u r e  submergence f o r  
an e x t e n d e d  l e n g t h  o f  t i m e .  Zones 3 and 4 were submerged 
l o n g e r  t h a n  zones  1 and 2,  and t h e  d e p t h  o f  s t a n d i n g  w a t e r  
was g r e a t e r  i n  zones 3 and 4.  T h i s  a c c o u n t s  f o r  t h e  f a c t  
t h a t  t h e r e  was a d e c r e a s e  i n  l e a f  p r o d u c t i o n  i n  zones 3 
and 4 and n o t  i n  zones 1 and 2 a f t e r  t h e  J u l y  s ubmer gence .
M a r s i 1ea was n o t  f o u n d  i n  t h e  ponds s u r r o u n d i n g  t h e  
r e s e r v o i r ,  w h i c h  wer e  m a i n l y  s u r r o u n d e d  by Typha l a t i f o l i a . 
Typha d i d  n o t  g row i n  t h e  s t u d y  a r e a s  due t o  t h e  f a c t  
t h a t  t h e  s o i l s  were  t o o  d r y  f o r  t o o  l o n g  d u r i n g  l ow w a t e r  
l e v e l  ( C u r t i s ,  1 9 5 9 ) .  T h i s  s u g g e s t s  t h a t  M a r s i 1ea r e q u i r e s  
an e n v i r o n m e n t  o f  f l u c t u a t i n g  w a t e r  l e v e l s ,  t h a t  comb i ned  
w i t h  a d r y n e s s  f a c t o r ,  e x c l u d e s  t h e  c o m p e t i t i o n  o f  o t h e r  
p l a n t  s p e c i e s . The p r e s e n c e  o f  M a r s i 1ea was n o t  documented 
u n t i l  f o u r  y e a r s  a f t e r  t h e  man-made r e s e r v o i r  was f o r med  
i n  1 929 .  T h i s  a l s o  s u p p o r t s  t h e  t h e o r y  t h a t  M a r s i 1 ea 
r e q u i r e s  f l u c t u a t i n g  w a t e r  l e v e l s .
95
The h e t e r o b l a s t t c  and h e t e r o p h y 11 i c  c h a r a c t e r i s t i c s  
o f  M a r s i l e a  we r e  e x p r e s s e d  d u r i n g  t h e  s a m p l i n g  se a s o n .
The l a n d ,  s ub mer g ed ,  and f l o a t i n g  f o r m s  were d o c u m e n t e d .
The l a n d  f o r m  was p r e s e n t  i n  a l l  zones  d u r i n g  a l l  s a m p l i n g  
p e r i o d s .  The f l o a t i n g  f o r m  was o b s e r v e d  i n  m i d - O u l y  
d u r i n g  t h e  p e r i o d  o f  h i g h  w a t e r .  T h i s  c o r r e s p o n d s  t o  
t h e  e x p e r i m e n t s  o f  Gopal  ( 1 9 7 0 )  s h o w i n g  t h e  p r e s e n c e  o f  
e l o n g a t e d  p e t i o l e s  o f  l e a v e s  i n i t i a t e d  un de r  w a t e r .  He 
f o u n d  t h a t  m a t u r e  l a n d  f o r m  l e a v e s  d i d  n o t  change t o  t h e  
f l o a t i n g  f o r m  upon submer g en ce .  The submerged f o r m  l e a v e s  
were  a l s o  o b s e r v e d  i n  t h e  same a r e a  as t h e  f l o a t i n g  f o r m .  
Gaude t  ( 1 9 6 8 )  f o u n d  t h a t  a t  g r e a t e r  d e p t h s  o f  w a t e r ,  
g r e a t e r  t h a n  a d e p t h  c o n d u c i v e  t o  f l o a t i n g  f o r m s ,  t h a t  
t h e  p l a n t s  p r o d u c e d  s h o r t  f l o a t i n g  l e a v e s  w h i c h  d i d  n o t  
r e a c h  t h e  w a t e r  s u r f a c e  and e v e n t u a l l y  p r o d u c e d  submerged 
f o r m s .  T h i s  e x p l a i n s  t h e  o b s e r v a t i o n  o f  b o t h  t y p e s  o f  
t h e s e  l e a v e s  i n  t h e  same a r e a  w h i c h  was p r o g r e s s i v e l y  
s u b j e c t e d  t o  g r e a t e r  d e p t h s  o f  w a t e r  t h r o u g h o u t  J u l y .  
A l l s o p p  ( 1 9 6 3 )  r e l a t e d  t h e  d i f f e r e n t  f o r ms  t o  n u t r i t i o n a l  
l e v e l s ,  w h i l e  Gaude t  ( 1 9 6 3 ,  1965)  i m p l i c a t e d  l i g h t  q u a l i t y  
as a s o u r c e  o f  d i f f e r e n c e s .  F u r t h e r  s t u d i e s  by Loo i  ( 1 9 6 7 )  
have shown t h a t  i n c r e a s e d  c o n c e n t r a t i o n s  o f  COg e f f e c t e d  
t h e  l e a f  f o r m s .  The causes  seem t o  be i n t e r r e l a t e d  and 
more c o mp l e x  t h a n  o r i g i n a l l y  t h o u g h t .
96
I t  was f o u n d  t h a t  t h e  l e n g t h  o f  t h e  p e t i o l e  c o r r e l a t e d  
w e l l  w i t h  t h e  l e n g t h  o f  t h e  l o n g e s t  l e a f l e t  o f  t h e  l a n d  
f o r m  l e a v e s .  T h e r e  c o u l d  be an i n t e r n a l  r e l a t i o n s h i p  
be t wee n  t h e  c o n t r o l s  i n v o l v i n g  t h e  m e r i s t e m a t i c  r e g i o n s  
o f  t h e  l e a f .  No r e l a t i o n s h i p  was f o u n d  between t h e  s i z e  
o f  t h e  l e a f l e t s  and t h e  d i f f e r e n t  z o n e s ,  a l t h o u g h  a p r e ­
v i o u s  s t u d y  ( G o p a l ,  1970)  has shown t h a t  t h e  l e a f l e t  a r e a  
i n c r e a s e d  w i t h  i n c r e a s i n g  s o i l  m o i s t u r e  l e v e l .
L o b i n g  o f  t h e  l e a v e s  was o b s e r v e d  i n  t h e  q u a d r a t s  
n e a r  t h e  s t a n d i n g  w a t e r  d u r i n g  t h e  season a f t e r  t h e  w a t e r  
had r e c e d e d  i n  l a t e  J u l y .  L o b i n g  o f  l e a f l e t s  a l s o  has 
been o b s e r v e d  by Gopal  ( 1 9 7 0 ) ,  who a t t r i b u t e d  t h i s  
phenomenon t o  a d e c r e a s e  i n  s o i l  m o i s t u r e  c o n t e n t .  The 
l o b e d  l e a v e s  o b s e r v e d  i n  t h i s  s t u d y  o c c u r r e d  i n  r e l a t i v e l y  
we t  a r e a s .  A c c o r d i n g  t o  Gupta ( 1 9 6 2 ) ,  t h e  f i r s t  a p p e a r a n c e  
o f  c r e n a t i  ons o r  l o b e s  i n  t h e  l e a f l e t s  on t h e  p l a n t s  was 
d i f f e r e n t  f o r  t h e  x e r o p h y t i c  and h y d r o p h y t i c  s p e c i e s  o f  
M a r s i 1ea grown un d e r  i d e n t i c a l  e c o l o g i c a l  c o n d i t i o n s .
Gopal  ( 1 9 7 0 )  f o u n d  t h e  d i s t i n c t i o n  between h y d r o p h y t i c  
and x e r o p h y t i c  s p e c i e s  o f  M a r s i 1ea u n c l e a r ,  and b e l i e v e d  
t h a t  i t  was o n l y  t h e  r a n g e  o f  a d a p t a b i l i t y  t h a t  v a r i e d  
w i t h i n  c e r t a i n  l i m i t s .  He chose t o  c a l l  t h e  f i v e  s p e c i e s  
t h a t  he i n v e s t i g a t e d  h e l o p h y t e s ,  p o s s e s s i n g  a d a p t i b i l i t y  
b o t h  t o  t h e  w a t e r - l o g g e d  and e x t r e m e  d r o u g h t  c o n d i t i o n s .
M. vesti t a  c o u l d  a l s o  be c l a s s i f i e d  as a h e l o p h y t e ,  g r o w i n g
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n e i t h e r  I n  e x t r e m e l y  a r i d  c o n d i t i o n s  o r  e x t r e m e l y  we t  
c o n d i t i o n s ,  b u t  a d a p t a b l e  t o  b o t h  e x t r e m e s  and g r o w i n g  
o p t i m a l l y  i n  t h e  m i d d l e  o f  t h e s e  e x t r e m e s .
E f f e c t  on t h e  Sexua l  R e p r o d u c t i v e  
G r o w t h  o f  M a r s i 1ea
Phase 1 S p o r o c a r p s . I n  zones 1,  2 ,  and 3 o f  T r a n s e c t  
1 and zones  1 and 2 o f  T r a n s e c t  2,  t h e r e  was no i n c r e a s e  
i n  Phase 1 s p o r o c a r p s  b e f o r e  t h e  J u l y  s ubmer gence .  The re  
was a l s o  no i n c r e a s e  i n  l e a f  p r o d u c t i o n  i n  t h e s e  zones .  
Ho we v e r ,  i n  zone 4 o f  b o t h  t r a n s e c t s ,  t h e r e  was a s i g n i f i ­
c a n t  i n c r e a s e  i n  Phase 1 s p o r o c a r p s  and l e a f  p r o d u c t i o n .  
When c o n d i t i o n s  were  f a v o r a b l e  f o r  v e g e t a t i v e  g r o w t h  i n  
T r a n s e c t s  1 and 2,  t h e y  were a l s o  f a v o r a b l e  f o r  i n i t i a t i o n  
o f  s p o r o c a r p s .
I n  T r a n s e c t  3,  when t h e  l e a v e s  were b e i n g  p r o d u c e d  
b e f o r e  t h e  s u b me r g e n c e ,  t h e r e  was no p r o d u c t i o n  o f  s p o r o ­
c a r p s .  I n  zones  2 ,  3,  and 4 ,  t h e r e  was a s i g n i f i c a n t  
i n c r e a s e  i n  Phase 1 s p o r o c a r p s  a f t e r  t h e  s u b me r g e n c e ,  
when t h e  l e a f  p r o d u c t i o n  was c o n s t a n t .
The s o i l  c h a r a c t e r i s t i c s  d i d  n o t  p l a y  an i m p o r t a n t  
r o l e  i n  t h a t  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s .  D u r i n g  
t h e  s a m p l i n g  s e a s o n ,  t h e  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  
i n  T r a n s e c t  3 ,  w h i c h  had d i f f e r e n t  s o i l  c o n d i t i o n s  t h a n  
T r a n s e c t s  1 and 2,  was s i m i l a r  t o  t h a t  i n  T r a n s e c t s  1 and 2
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The c o v e r  o f  o t h e r  p l a n t  s p e c i e s  i n d i r e c t l y  e f f e c t e d  
t h e  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s .  Where t h e r e  was 
a h i g h e r  p e r c e n t  c o v e r  o f  o t h e r  p l a n t  s p e c i e s ,  t h e r e  was 
a c o r r e s p o n d i n g  d e c r e a s e  i n  p e r c e n t  c o v e r  o f  Mars i l e a . 
T h e r e  was l e s s  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  i n  zone 1 
o f  a l l  t r a n s e c t s  t h a n  o f  zone 3 o f  T r a n s e c t s  1 and 2 i n  
June and zone 3 and 4 o f  T r a n s e c t  3 i n  A u g u s t .  Zone 1 
a l w a y s  had a h i g h e r  p e r c e n t  c o v e r  o f  o t h e r  p l a n t  s p e c i e s  
t h a n  t h e  o t h e r  z o n e s .  Where t h e r e  was a l ow p r o d u c t i o n  
o f  v e g e t a t i o n  by M a r s i 1ea t h e r e  was a l s o  a l ow p r o d u c t i o n  
o f  Phase 1 s p o r o c a r p s .
The f a c t  t h a t  Phase 1 s p o r o c a r p  p r o d u c t i o n  i n c r e a s e s  
s i g n i f i c a n t l y  a f t e r  t h e  J u l y  submergence  w o u l d  i n d i c a t e  
two p o s s i b i l i t i e s :  ( 1 )  a f t e r  t h e  f l o o d i n g  t h e r e  was a 
s u f f i c i e n t  i n c r e a s e  i n  s o i l  m o i s t u r e  c o n t e n t  t o  f a v o r  
i n i t i a t i o n  o f  s p o r o c a r p s ,  o r  ( 2 )  t h a t  t h e  sudden change 
i n  s o i l  m o i s t u r e  c o n t e n t  s t r e s s e d  t h e  p l a n t s ,  somehow 
c a u s i n g  i n i t i a t i o n  o f  s p o r o c a r p s .  The f i r s t  p o s s i b i l i t y  
i s  p r o b a b l y  c o r r e c t  because  Phase 1 s p o r o c a r p s  were 
i n i t i a t e d  b e f o r e  t h e  submer gence  i n  T r a n s e c t s  1 and 2 
wher e  a sudden change i n  s o i l  m o i s t u r e  was n o t  o b s e r v e d .
As t h e  season  p r o g r e s s e d ,  t h e r e  was a d e c r e a s e  i n  
p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  i n  t h e  zones away f r o m 
t h e  w a t e r  and an i n c r e a s e  i n  p r o d u c t i o n  o f  Phase 1 
s p o r o c a r p s  i n  t h e  zones  c l o s e r  t o  t h e  w a t e r .  T h i s  wo u l d
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s u p p o r t  t h e  t h e o r y  t h a t  t h e r e  was an o p t i m a l  s o i l  m o i s t u r e  
r e g i m e  f o r  t h e  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s .
Phase 2 and 3 S p o r o c a r p s . Zone 3 o f  b o t h  T r a n s e c t s  
1 and 2 had a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  Phase 2 and 
3 s p o r o c a r p s  t h a n  zone 1 and 4 o f  t h o s e  t r a n s e c t s  a t  t h e  
b e g i n n i n g  o f  t h e  s a m p l i n g  season and d u r i n g  mos t  o f  t h e  
s u b s e q u e n t  s a m p l i n g  d a t e s .  I n  T r a n s e c t  3,  t h o u g h ,  zone 
1 had a h i g h e r  p e r c e n t  o f  Phase 2 and 3 s p o r o c a r p s  t h a n  
t h e  o t h e r  zones  o f  t h a t  t r a n s e c t  a t  t h e  b e g i n n i n g  o f  t h e  
s a m p l i n g  season and d u r i n g  mos t  o f  t h e  f o l l o w i n g  s a m p l i n g  
d a t e s -  These r e s u l t s  c o u l d  n o t  be c o r r e l a t e d  d i r e c t l y  
w i t h  t h e  s o i l  c h a r a c t e r i s t i c s .  A l l  o f  t h e  zones i n  each 
o f  t h e  t r a n s e c t s  wer e  s i m i l a r  t o  each o t h e r  w i t h  r e s p e c t  
t o  s o i l  c h a r a c t e r i s t i c s .
The p e r c e n t  c o v e r  o f  o t h e r  p l a n t  s p e c i e s  w i t h  t h e  
s o i l  t e x t u r e  d a t a  w o u l d  e x p l a i n  t h e  d i f f e r e n c e s  i n  zone 
numbers  w i t h  r e s p e c t  t o  numbers  o f  Phase 2 and 3 s p o r o c a r p s  
I n  zone 1 o f  T r a n s e c t s  1 and 2 ,  t h e  p e r c e n t  c o v e r  o f  o t h e r  
p l a n t  s p e c i e s  was s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  o f  zone 1 
o f  T r a n s e c t  3 due t o  t h e  h i g h e r  o r g a n i c  m a t t e r  c o n t e n t  i n  
T r a n s e c t s  1 and 2.  M a r s i 1ea s i m p l y  was o u t c o m p e t e d  ve g e -  
t a t i  v e l y  and r e p r o d u c t i v e l y  i n  zone 1 o f  T r a n s e c t s  1 and 2.  
A l t h o u g h  t h e  s o i l  i n  t h e  zones o f  T r a n s e c t  3 was l ow i n  
o r g a n i c  m a t t e r  c o n t e n t  and h i g h  i n  g r a v e l  c o n t e n t ,  t h u s  
h a v i n g  a l ow w a t e r  h o l d i n g  c a p a c i t y ,  h i g h e r  p l a n t  s p e c i e s
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c o u l d  s u r v i v e  i n  zone 1 w h i c h  was a l s o  l e s s  e f f e c t e d  by 
t h e  f l u c t u a t i n g  w a t e r  l e v e l .  The p r e s e n c e  o f  t h e  h i g h e r  
p l a n t  s p e c i e s  i n c r e a s e d  t h e  w a t e r  h o l d i n g  c a p a c i t y  o f  
t h e  s o i l s  i n  zone 1 and p r o v i d e d  a h i g h e r  l e v e l  o f  h u m i d i t y  
i n  t h e  e n v i r o n m e n t  n e a r  t h e  s o i l  s u r f a c e .  These c o n d i t i o n s  
w o u l d  be f a v o r a b l e  f o r  t h e  r e p r o d u c t i v e  g r o w t h  o f  M a r s i 1ea 
w i t h  r e s p e c t  t o  Phase 1 s p o r o c a r p s  e a r l y  i n  t h e  season 
and l a t e r  i n  t h e  season t h e  zone w o u l d  have s o i l s  d r y  
enough t o  p r o mo t e  m a t u r a t i o n  o f  t h e  Phase 1 s p o r o c a r p s  
t o  Phase 3 s p o r o c a r p s ,  w h i c h  r e q u i r e s  a p e r i o d  o f  d r y n e s s .  
Zone 4 i n  T r a n s e c t  3 wo u l d  have r e l a t i v e l y  we t  s o i l  l a t e r  
i n  t h e  season  n e a r  t h e  s t a n d i n g  w a t e r  when t h e  s p o r o c a r p s  
needed d r y  s o i l s  f o r  m a t u r a t i o n .  Zones 2 and 3 may have 
been t o o  d r y .  A l t h o u g h  t h e  s p o r o c a r p  needs a d r y  e n v i r o n ­
ment  t o  m a t u r e ,  i t  i s  p o s s i b l e  t h a t  a s m a l l  amount  o f  
m o i s t u r e  i s  n e c e s s a r y  i n  a i d i n g  t h e  d e p o s i t i o n  o f  s p o r o ­
c a r p  w a l l  m a t e r i a l  t o  i n s u r e  i m p e r v i o u s n e s s  t o  t h e  e n ­
v i  r o n m e n t .
The w a t e r  l e v e l ,  t o g e t h e r  w i t h  t h e  s o i l  t e x t u r e ,  was 
r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  t h a t  e f f e c t e d  t h e  accumu­
l a t i o n  o f  Phase 2 and 3 s p o r o c a r p s .  C o n d i t i o n s  f a v o r a b l e  
f o r  t h e  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  were  d i f f e r e n t  
t h a n  c o n d i t i o n s  f a v o r a b l e  f o r  t h e  p r o d u c t i o n  o f  Phase 2 
and 3 s p o r o c a r p s .  Zone 4 i n  T r a n s e c t  3 was more c o n d u c i v e  
f o r  t h e  p r o d u c t i o n  o f  Phase 1 s p o r o c a r p s  a f t e r  t h e  J u l y
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s u b mer g en c e  t h a n  t h e  o t h e r  zones i n  t h a t  t r a n s e c t ,  b u t  
i t  was zone 1 wher e  t h e  g r e a t e s t  number  o f  Phase 2 and 3 
s p o r o c a r p s  wer e  o b s e r v e d .  A l t h o u g h  many more new s p o r o ­
c a r p s  wer e  p r o d u c e d  l a t e  i n  t h e  season n e a r  t h e  w a t e r ,  
t h e s e  s p o r o c a r p s  d i d  n o t  d e v e l o p  t o  t h e  p o i n t  where  t h e y  
c o u l d  s u r v i v e  t h e  f o l l o w i n g  w i n t e r  and s p r i n g .  The s o i l  
m o i s t u r e  was s u f f i c i e n t  f o r  t h e  i n i t i a t i o n  o f  s p o r o c a r p s ,  
b u t  i t  was p o s s i b l y  t o o  h i g h  f o r  t h e  m a t u r a t i o n  o f  s p o r o ­
c a r p s .  T h i s  s u g g e s t s  t h a t  t h e r e  i s  a p o i n t  i n  t h e  
d e v e l o p m e n t  o f  t h e  s p o r o c a r p  when a d r y  e n v i r o n m e n t  i s  
n e c e s s a r y .
I n  zone 3 o f  T r a n s e c t  1 and zone 4 o f  T r a n s e c t  3,  
t h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  t h e  number  o f  Phase 2 
and 3 s p o r o c a r p s  d u r i n g  m i d - O c t o b e r ,  b u t  a p p a r e n t l y  t h e r e  
was no a c c u m u l a t i o n  o f  m a t u r e d  s p o r o c a r p s .  Data wo u l d  
have t o  be t a k e n  i n  June o f  1976 on t h e  number  o f  Phase 2 
and 3 s p o r o c a r p s  p e r  q u a d r a t  t o  p r o v e  c o n c l u s i v e l y  t h a t  
t h e r e  was no s i g n i f i c a n t  i n c r e a s e  i n  t h e  p o p u l a t i o n  o f  
Phase 2 and 3 s p o r o c a r p s  i n  t h e  zones  f r o m  y e a r  t o  y e a r .  
However ,  t h e  f a c t  t h a t  t h e  a v e r a g e  number  o f  Phase 2 and 
3 s p o r o c a r p s  p e r  q u a d r a t  i n  e a r l y  June i n  zone 3 o f  T r a n ­
s e c t  1 and zone 4 o f  T r a n s e c t  3 were  1 2 + 4  and 2 + 2  
s p o r o c a r p s ,  r e s p e c t i v e l y ,  and t h a t  t h i s  a c c u m u l a t i o n  has 
t a k e n  p l a c e  f o r  o v e r  f o r t y  y e a r s  w o u l d  i n d i c a t e  t h a t  t h e r e  
we r e  v e r y  f ew s p o r o c a r p s  b e i n g  added t o  t h e s e  p o p u l a t i o n s
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f r o m  y e a r  t o  y e a r .  Most  o f  t h e  s p o r o c a r p s  p r o d u c e d  i n  
zone 4 o f  T r a n s e c t  3 d u r i n g  e a r l y  f a l l  d i d  n o t  s u r v i v e  
t h e  w i n t e r .  I t  i s  p o s s i b l e  t h a t  some o f  t h e  s p o r o c a r p s  
c o u l d  have been washed away due t o  wave a c t i o n ,  p a r t i c u l a r l y  
on t h e  s h o r e  o f  t h e  r e s e r v o i r .
T h e r e  was a s i g n i f i c a n t l y  l a r g e r  number  o f  Phase 2 
and 3 s p o r o c a r p s  i n  zone 2 o f  T r a n s e c t  3 t ha n  o f  zone 4 
o f  T r a n s e c t  3 i n  J un e .  T h i s  i s  r e l a t e d  t o  t h e  f a c t  t h a t  
t h e  l a r g e s t  number  o f  Phase 1 s p o r o c a r p s  o c c u r r e d  i n  e a r l y  
A u g u s t  i n  zone 2 o f  T r a n s e c t  3.  E a r l y  A u g u s t  p r o d u c t i o n  
w o u l d  g i v e  t h e  Phase 1 s p o r o c a r p s  t h e  n e c e s s a r y  e n v i r o n ­
m e n t a l  c o n d i t i o n s  ( i . e .  s u f f i c i e n t  l e n g t h  o f  t i m e  o r  
d r y n e s s  b e f o r e  t h e  t e m p e r a t u r e s  d r o p  o r  t h e  w a t e r  r i s e s )  
t o  i n s u r e  w i n t e r  s u r v i v a l  and a d d i t i o n  t o  t h e  p o p u l a t i o n  
o f  Phase 3 s p o r o c a r p s  i n  t h e  s p r i n g .
Phase 4 S p o r o c a r p s . T h e r e  was no d i r e c t  c o r r e l a t i o n  
be t ween  t h e  p r o d u c t i o n  o f  Phase 4 s p o r o c a r p s  and s o i l  
c h a r a c t e r i s t i c s .  I n  zones 1 and 2 o f  a l l  t h e  t r a n s e c t s ,  
t h e r e  wer e  f ew a b o r t i o n s  i n i t i a l l y  and t h e  r a t e  r e ma i n e d  
c o n s t a n t  t h r o u g h o u t  t h e  s e a s o n .  I f  t h e r e  was an i n c r e a s e  
i n  a b o r t i o n s ,  i t  o c c u r r e d  i n  zone 3 o r  4 o f  a l l  t he  
t r a n s e c t s  i n  l a t e  A u g u s t  o r  S e p t e mb e r .
T h e r e  i s  no d i r e c t  c o r r e l a t i o n  be t ween  c o v e r  o f  o t h e r  
p l a n t  s p e c i e s  and t h e  number  o f  Phase 4 s p o r o c a r p s .  I n 
t h e  zones  wher e  t h e r e  wer e  f ew M a r s i 1ea p l a n t s  and many
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o t h e r  p l a n t s ,  w i t h  a c o r r e s p o n d i n g  l ow number  o f  Phase 1 
s p o r o c a r p s  and l o w  a c c u m u l a t i o n  o f  Phase 2 and 3 s p o r o ­
c a r p s ,  t h e r e  a l s o  were  f ew Phase 4 s p o r o c a r p s .
The zones  n e a r e s t  t h e  w a t e r  had t h e  h i g h e s t  amount  
o f  a b o r t e d  s p o r o c a r p s  l a t e  I n  t h e  sea s on .  A b o r t i o n s  were 
o f  two t y p e s :  Phase 2 s p o r o c a r p s  t h a t  began t o  d e t e r i o r a t e  
and Phase 1 s p o r o c a r p s  t h a t  s t o p p e d  g r o w t h  soon a f t e r  
I n i t i a t i o n .  Q u a l i t a t i v e  o b s e r v a t i o n s  showed t h a t  t h e  
f i r s t  t y p e  o f  a b o r t e d  s p o r o c a r p s  o c c u r r e d  m a i n l y  a f t e r  
m i d - A u g u s t  I n  zones  w i t h  we t  s o i l s .  The second t y p e  
o c c u r r e d  mos t  o f t e n  I n  zones  u p s l o p e  where t h e  s o i l s  were 
d r y .  A p p a r e n t l y ,  t h e r e  was a p o i n t  I n  d e v e l o p m e n t  where 
t h e  s p o r o c a r p  r e q u i r e d  m o i s t u r e  t o  c o n t i n u e  g r o w t h  and 
t h a t  t h e r e  was a l s o  a p o i n t  i n  d e v e l o p m e n t  where  t h e  
s p o r o c a r p  mus t  have a r e l a t i v e l y  d r y  e n v i r o n m e n t .
From F i g u r e s  20 and 21 ,  I t  I s  a p p a r e n t  t h a t  t h e r e  
I s  u s u a l l y  a s i g n i f i c a n t l y  l a r g e r  number  o f  Phase 4 s p o r o ­
c a r p s  p r e s e n t  I n  zone 3 t h a n  I n  zone 1 o f  b o t h  T r a n s e c t s  
1 and 2.  I t  was zone 3 o f  b o t h  t r a n s e c t s  t h a t  has s i g n i f ­
i c a n t l y  l a r g e r  numbers o f  Phase 1,  2,  and 3 s p o r o c a r p s  
t h a n  zone 1 o f  t h e s e  t r a n s e c t s  d u r i n g  many o f  t h e  s a m p l i n g  
d a t e s .  T h i s  I n t e r m e d i a t e  z o n e ,  w i t h  r e s p e c t  t o  w a t e r  
l e v e l ,  s o i l  t e x t u r e ,  and c o v e r  o f  o t h e r  p l a n t  s p e c i e s .  I s  
t h e  o p t i m a l  zone f o r  t h e  I n i t i a t i o n  o f  s p o r o c a r p s  and 
a c c u m u l a t i o n  o f  m a t u r e  s p o r o c a r p s ,  and I t  a l s o  had t h e
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h i g h e s t  l e v e l  o f  a b o r t e d  s p o r o c a r p s .  The amount  o f  v e g e ­
t a t i v e  g r o w t h  i n  zone 3 was a l s o  l a r g e r  t h a n  i n  zone 1 
o f  T r a n s e c t s  1 and 2.
I n  T r a n s e c t  3 ,  t h e  zone o f  h i g h e s t  p r o d u c t i o n  o f  
Phase 1 s p o r o c a r p s  was n o t  t h e  zone t h a t  had t h e  l a r g e s t  
a c c u m u l a t i o n  o f  Phase 2 and 3 s p o r o c a r p s  f o r  r e a s o n s  
p r e v i o u s l y  d i s c u s s e d .  T h e r e  were  f ew Phase 1 s p o r o c a r p s  
p r o d u c e d  i n  zone 1 w h i c h  had a s i g n i f i c a n t l y  l a r g e r  number  
o f  Phase 2 and 3 s p o r o c a r p s  t h a n  t h e  o t h e r  zones a t  t h e  
b e g i n n i n g  o f  t h e  s e a s o n ,  b u t  t h e r e  were  a l s o  f ew Phase 4 
s p o r o c a r p s  t h r o u g h o u t  t h e  s e a s o n .  The s p o r o c a r p s  t h a t  
a r e  i n i t i a t e d  i n  zone 1 o f  T r a n s e c t  3,  a l t h o u g h  t h e s e  
wer e  f e w ,  e x i s t  i n  an e n v i r o n m e n t  w h i c h  f a v o r s  t h e i r  
c o m p l e t e  d e v e l o p m e n t .  T h i s  e n v i r o n m e n t  was c h a r a c t e r i z e d  
by an o p t i m a l  r a n g e  o f  s o i l  m o i s t u r e ,  r e g u l a t e d  by t h e  
w a t e r  l e v e l ,  t h e  s o i l  t e x t u r e ,  and t h e  c o v e r  o f  o t h e r  
p l a n t  s p e c i e s .
Q u a l i t a t i v e  F i e l d  O b s e r v a t i o n s  
on t h e  Se x ua l  L i f e  C y c l e
The maximum number  o f  g e r m i n a t i n g  s p o r o c a r p s  o c c u r r e d  
i n  m i d - J u n e  i n  w a t e r  i n  zones  3 and 4.  A l l  g e r m i n a t i n g  
s p o r o c a r p s  wer e  Phase 3 s p o r o c a r p s .  The s p o r o c a r p  w a l l s  
o f  Phase 3 s p o r o c a r p s  were  v e r y  ha r d  and i m p e r v i o u s  t o  
t h e  e x t e r n a l  e n v i r o n m e n t .  The s p o r o c a r p s  c o u l d  r ema i n  
v i a b l e  f o r  y e a r s  ( A l l s o p p ,  1 9 5 2 ) .  I n  normal  g e r m i n a t i o n s .
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t h e  s p o r o p h o r e  mus t  i m b i b e  w a t e r  t o  expand and r u p t u r e  
t h e  s p o r o c a r p  w a l l ,  l i b e r a t i n g  t h e  megaspores  and m i c r o ­
s p o r e s  b e f o r e  f e r t i l i z a t i o n  o c c u r s .  The mechani sm w h i c h  
e n a b l e s  w a t e r  t o  e n t e r  t h e  s p o r o c a r p  i n  n a t u r e  has n o t  
been d e t e r m i n e d .  B o l d  ( 1 9 6 7 )  f e l t  t h a t  b a c t e r i a  may p l a y  
an a c t i v e  r o l e  i n  s c a r i f y i n g  t h e  s p o r o c a r p  w a l l .  A n o t h e r  
p o s s i b i l i t y  c o u l d  be f u n g a l  a c t i v i t y .  The s c a r i f i c a t i o n  
p r o c e s s  w h i c h  may e n t a i l  s e v e r a l  y e a r s  must  be c o m p l e t e d  
d u r i n g  t h e  w i n t e r  t o  e n a b l e  s p o r o c a r p s  t o  g e r m i n a t e  i n  
t h e  s p r i n g .  A t  t h i s  t i m e ,  t h e y  o n l y  needed t o  be immersed 
i n  w a t e r  f o r  g e r m i n a t i o n  t o  o c c u r .  A l l  o f  t h e  s c a r i f i e d  
s p o r o c a r p s  g e r m i n a t e d  a t  t h e  same t i m e  o f  t h e  y e a r .  No
g e r m i n a t i o n s  i n  w a t e r  wer e  o b s e r v e d  w h i l e  t h e  w a t e r  was
r e c e d i n g  i n  e a r l y  A u g u s t  o r  when t h e  w a t e r  r o s e  a g a i n  
i n  m i d - O c t o b e r .  The s p o r o c a r p s  o b s e r v e d  g e r m i n a t i n g  i n  
t h e  f a l l  on damp s o i l  c o u l d  have been Phase 2 s p o r o c a r p s .  
The s p o r o c a r p s  may n o t  have been i m p e r v i o u s  t o  t h e  
e n v i r o n m e n t ,  and t h e  s o r o p h o r e  c o u l d  have i m b i b e d  enough 
w a t e r  t o  open t h e  s p o r o c a r p  w a l l .  The r e  were v e r y  f ew 
o f  t h e s e  g e r m i n a t i o n s  i n  t h e  f a l l .
The g e r m i n a t i o n s  i n  w a t e r  were  o n l y  o b s e r v e d  i n  zones
3 and 4 ,  b u t  t h e  f o l l o w i n g  week a f t e r  t h e s e  o b s e r v a t i o n s ,  
t h e  w a t e r  c o v e r e d  t h e  e n t i r e  t r a n s e c t  such t h a t  o b s e r v a ­
t i o n s  i n  zones  1 and 2 were i m p o s s i b l e .  T h e r e  i s  no r e a s o n  
t o  b e l i e v e  t h a t  s p o r o c a r p s  d i d  n o t  g e r m i n a t e  i n  a l l  z o n e s .
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I t  was i m p o s s i b l e  t o  t e l l  i f  new s p o r o p h y t e s  were p r o d u c e d  
f r o m  f e r t i l i z a t i o n  r e s u l t i n g  f r o m  t h e  g e r m i n a t i o n s  o f  t h e  
s p o r o c a r p s .
L a b o r a t o r y  S t u d i e s  on 
S p o r o c a r p  V i a b i l i t y
T h e r e  was no d i f f e r e n c e  i n  t h e  p e r c e n t  o f  v i a b l e  
megaspor es  o r  s p o r o p h y t e s  f o r med  f r o m  Phase 3 s p o r o c a r p s  
t h a t  had d e v e l o p e d  i n  d i f f e r e n t  zones i n  any o f  t h e  t r a n ­
s e c t s  o r  i n  t h e  p e r c e n t  r e t e n t i o n  o f  megaspores  w i t h i n  t h e  
s p o r o c a r p  w a l l .  E n v i r o n m e n t a l  c o n d i t i o n s  do n o t  have t o  
be o p t i m a l  f o r  t h e  i n i t i a t i o n  and m a t u r a t i o n  o f  s p o r o c a r p s  
I f  t h e  s p o r o c a r p  m a t u r e s  c o m p l e t e l y ,  t h e  p e r c e n t  o f  v i a b l e  
megaspor es  and s p o r o p h y t e s  w i l l  be t h e  same f o r  d i f f e r e n t  
s p o r o c a r p s  r e g a r d l e s s  wher e  t h e y  d e v e l o p e d .  I t  has been 
r e p o r t e d  ( B l o o m ,  1955)  t h a t  i n  Phase 3 s p o r o c a r p s ,  mega­
s p o r e s  s ome t i mes  d e v e l o p  no rma l  g a m e t o p h y t e s , b u t  w i l l  
n o t  p r o d u c e  s p o r o p h y t e s .  T h i s  s u g g e s t e d  t o  Bloom t h a t  
m i c r o s p o r e s  a p p e a r  t o  be more s u s c e p t i b l e  t o  a g i n g  e f f e c t s  
t h a n  m e g a s p o r e s .  T h i s  was n o t  o b s e r v e d  i n  t h i s  s t u d y .
I n  Phase 2 s p o r o c a r p s ,  r e g a r d l e s s  o f  t h e  zone i n  
w h i c h  t h e y  d e v e l o p e d ,  t h e  p e r c e n t  o f  s p o r o p h y t e s  f o r med  
was t h e  same and t h e  p e r c e n t  r e t e n t i o n  o f  megaspores  was 
s i m i l a r .  S p o r o c a r p s  s i m i l a r  t o  each o t h e r  i n  t h e i r  
d e v e l o p m e n t a l  s t a g e  a l l  p r o d u c e  t h e  same amount  o f  s p o r o ­
p h y t e s  and r e t a i n  t h e  same p e r c e n t  o f  me g a s p o r e s .  The r e
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was a h i g h e r  p e r c e n t a g e  o f  v i a b l e  megaspores  f o r med  f r o m 
Phase 2 s p o r o c a r p s  t h a t  d e v e l o p e d  i n  zones 1 and 2 o f  
a l l  t h e  t r a n s e c t s  t h a n  i n  zones 3 and 4.  The d i f f e r e n c e  
was n o t  g r e a t , b u t  i t  c o u l d  r e f l e c t  t h e  f a c t  t h a t  Phase 2 
s p o r o c a r p s  f r o m  zones  1 and 2 were r e l a t i v e l y  more ma t u r e  
t h a n  t h e  Phase 2 s p o r o c a r p s  f r o m  zones 3 and 4.  The h i g h e s t  
p r o d u c t i o n  o f  Phase 2 s p o r o c a r p s  f r om zones 3 and 4 o c c u r r e d  
l a t e  i n  t h e  s e a s o n ,  w h i l e  t h e  h i g h e s t  p r o d u c t i o n  o f  Phase 2 
s p o r o c a r p s  f r o m  z o n e s l  and 2 g e n e r a l l y  o c c u r r e d  i n  t h e  
m i d d l e  o f  t h e  s e a s o n .
Th e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  v i a b l e  
meg asp o r e s  f o r me d  t h a n  s p o r o p h y t e s  f r o m Phase 2 s p o r o c a r p s  
i n  zones  1 and 2 o f  a l l  t h e  t r a n s e c t s .  T h i s  c o u l d  be 
e x p l a i n e d  i n  t h r e e  ways :  ( 1 )  The m i c r o s p o r e s  r e ma i n e d  
w i t h i n  t h e  s p o r o c a r p  w a l l  t h u s  p r e v e n t i n g  f e r t i l i z a t i o n ,
( 2 )  The m i c r o s p o r e s  we r e  r e t a i n e d  w i t h i n  t h e  s p o r o c a r p  
w a l l  u n t i l  t h e y  d e v e l o p e d  i n t o  m i c r o g a m e t o p h y t e s  b e f o r e  
t h e y  wer e  a b l e  t o  l e a v e  t h e  s p o r o c a r p .  I t  has been f ou n d  
t h a t  t h e  r e l e a s e  o f  t h e  sperm i s  i n h i b i t e d  i n  a h i g h  c o n ­
c e n t r a t i o n  o f  s p o r o c a r p  c o n t e n t s ,  u n t i l  t h e  sperm f i n a l l y  
d i e  w i t h i n  t h e  m i c r o g a m e t o p h y t e  ( B i l d e r b a c k ,  p e r s o n a l  
c o m m u n i c a t i o n ) .  I t  has a l s o  been f o u n d  t h a t  when m i c o r -  
s p o r e s  a r e  added t o  a p o p u l a t i o n  o f  megagame t ophy t e s  t h a t  
had d e v e l o p e d  f o r  12 h o u r s , t h e  p e r c e n t  o f  s p o r o p h y t e s  
f o r m e d  d e c r e a s e  s i g n i f i c a n t l y  f r o m  when t h e  m i c r o s p o r e s
108
and meg asp o r e s  wer e  r e l e a s e d  t o g e t h e r  ( M a h l b e r g  and B a l d w i n ,  
1 9 7 5 ) .  ( 3 )  The m i c r o s p o r e s  were t o o  i mma t u r e  a t  t h a t  p o i n t
i n  d e v e l o p m e n t  t o  f o r m  mi c r o g a m e t o p h y t e s .
T h e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  v i a b l e  
mega s p o r e s  and s p o r o p h y t e s  f o r me d  and a s i g n i f i c a n t l y  
l o w e r  p e r c e n t  o f  megaspore  r e t e n t i o n  i n  Phase 3 s p o r o c a r p s  
t h a n  i n  Phase 2 s p o r o c a r p s .  The r e a s o n s  f o r  t h e s e  d i f ­
f e r e n c e s  w i l l  be d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n  u n d e r  
m a t u r a t i o n  and g e r m i n a t i o n  o f  s p o r o c a r p s .
The a v e r a g e  p e r c e n t  o f  v i a b l e  megaspores  f r o m  Phase 3 
s p o r o c a r p s  was 4 9 . 8  + 3 . 9%,  and t h e  a v e r a g e  p e r c e n t  o f  
s p o r o p h y t e s  f o r m e d  was 4 4 . 6  + 4 . 1%.  These p e r c e n t a g e s  
c o r r e s p o n d e d  t o  t h e  v a l u e s  f o u n d  by M a h l b e r g  and B a l d w i n  
( 1 9 7 5 )  w o r k i n g  w i t h  M. v e s t i  t a . They f o u n d  t h a t  t h e  
a v e r a g e  p e r c e n t  o f  megagamet ophy t e s  f o r me d  was 5 9 . 5  +
6 . 3 %,  and t h e  a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  f o r me d  was 
3 8 . 5  + 7 . 3%.  They a l s o  f o u n d  t h a t  t h e r e  was l i t t l e  
apogamy o r  p a r t h e n o g e n e s i s  i n  M. v e s t i  t a . The a v e r a g e  
p e r c e n t  o f  v i a b l e  megaspor es  f r o m  Phase 2 s p o r o c a r p s  
was 8 . 8  + 2 . 4%,  and t h e  a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  
f o r m e d  f r o m  Phase 2 s p o r o c a r p s  was 1 . 2  + 1 .1%.  These 
s i g n i f i c a n t l y  l o w e r  p e r c e n t a g e s  a l s o  have been n o t e d  by 
Bloom ( 1 9 5 5 ) .
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L a b o r a t o r y  S t u d i e s  on t h e  
M a t u r a t i o n  and G e r m i n a t i o n  
o f  S p o r o c a r p s
D i f f e r e n c e s  be t ween  t h e  v i a b i l i t y  o f  Phase 3 and 
Phase 2 s p o r o c a r p s  has been o b s e r v e d .  E x p e r i m e n t s  were  
done t o  d e t e r m i n e  w h a t  f a c t o r s  were r e s p o n s i b l e  f o r  t h e s e  
d i f f e r e n c e s .  I f  t h e  Phase 2 s p o r o c a r p s  were t r e a t e d  w i t h  
h e a t  a t  60°C f o r  12 h o u r s *  g e r m i n a t i o n  p r o c e e d e d  n o r m a l l y  
as w i t h  Phase 3 s p o r o c a r p s  * w i t h  c o m p a r a b l e  p e r c e n t  o f  
v i a b l e  meg asp o r e s  and s p o r o p h y t e s .  T h i s  h e a t  r e q u i r e m e n t  
has been o b s e r v e d  by Bloom ( 19 5 5 )  and Bh a r dwa j a  and Sen 
( 1 9 6 6 ) .  B h a r d w a j  a and Sen ( 1 9 6 6 )  f o u n d  t h a t  f r e s h  s p o r o ­
c a r p s  t r e a t e d  w i t h  h e a t  a t  65®C f o r  24 h o u r s  had t h e  
o p t i m a l  p e r c e n t  o f  f e r t i l i z a t i o n  and t h a t  t h e  p e r c e n t  o f  
f e r t i l i z e d  megagame t ophy t e s  d e c r e a s e d  w i t h  a h e a t  t r e a t ­
men t  o f  o n l y  54 h o u r s .
I f  Phase 2 s p o r o c a r p s  a r e  f r o z e n  f o r  two weeks b e f o r e
t h e  h e a t  t r e a t m e n t s  * t h e y  were  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
f r o m  u n t r e a t e d  Phase 2 s p o r o c a r p s .  T h i s  i n d i c a t e d  t h a t  
t h e  s p o r o c a r p s  i n  n a t u r e  must  r e a c h  m a t u r i t y  b e f o r e  t h e y  
a r e  s u b j e c t e d  t o  c o n s t a n t  f r e e z i n g  t e m p e r a t u r e s .  However ,
h e a t  t r e a t m e n t  i s  n o t  t h e  o n l y  f a c t o r  i n v o l v e d  i n  t h e
m a t u r a t i o n  p r o c e s s  o f  s p o r o c a r p s .  Bloom ( 1 9 6 1 )  t r e a t e d  
s p o r o c a r p s  w i t h  h e a t  and t h e n  s t o r e d  them o v e r  t h e  summer .  
He t h e n  r e t r e a t e d  some w i t h  h e a t  and l e f t  some u n r e t r e a t e d .  
He f o u n d  a w e i g h t  l o s s  o f  7.9% i n  t h e  g r o u p  o f  s p o r o c a r p s
n o
r e t r e a t e d  w i t h  h e a t .  He f o u n d  t h a t  t h e  u n r e t r e a t e d  s p o r o ­
c a r p s  we r e  l e s s  v i a b l e  t h a n  t h e  r e t r e a t e d  s p o r o c a r p s .
Even a f t e r  a h e a t  t r e a t m e n t .  Phase 2 s p o r o c a r p s  can t a k e  
up m o i s t u r e .  T h u s , i t  a p p e a r s  t h a t  a l o n g  w i t h  a h e a t  
t r e a t m e n t ,  t h e  s p o r o c a r p  w a l l  mus t  change t o  become i m ­
p e r v i o u s  t o  t h e  e n v i r o n m e n t ,  p o s s i b l y  by e x t r a  d e p o s i t i o n  
o f  m a t e r i a l s  i n  t h e  s p o r o c a r p  w a l l .
I t  was f o u n d  t h a t  upon c r a c k i n g  Phase 2 s p o r o c a r p s  
and r e l e a s i n g  t h e  e n t i r e  c o n t e n t s  i n t o  t h e  i n c u b a t i o n  
med i um,  t h a t  t h e r e  was an i n c r e a s e  i n  t h e  p e r c e n t  o f  
s p o r o p h y t e s  when compared  t o  u n t r e a t e d  Phase 2 s p o r o c a r p s ,  
a l t h o u g h  no i n c r e a s e  i n  v i a b l e  megaspores  was o b s e r v e d .  
A p p a r e n t l y ,  t h e  m i c r o s p o r e s  and megaspores  a r e  ma t u r e  i n  
t h e  Phase 2 s p o r o c a r p s ,  b u t  t h e r e  i s  a f a i l u r e  i n  t h e  
s o r o p h o r e  s y s t e m .  The s o r o p h o r e  i n  Phase 3 s p o r o c a r p s  
c o n s i s t s  e n t i r e l y  o f  dead c e l l s  w h i c h  i m b i b e  w a t e r  i n  
o r d e r  t o  b r e a k  open t h e  s p o r o c a r p  w a l l  ( B i l d e r b a c k ,  
p e r s o n a l  c o m m u n i c a t i o n ) .  The h e a t  t r e a t m e n t  must  a l l o w  
t h e  s o r o p h o r e  t o  d e t a c h  f r o m  t h e  i n n e r  s p o r o c a r p  w a l l  
and exude n o r m a l l y .
R i c e  and L a e t s c h  ( 1 9 6 7 )  f o u n d  t h a t  t h e  v i a b i l i t y  
o f  sperm was a f f e c t e d  by h e a t .  T h i s  s t u d y  showed t h a t  
t h e  v i a b i l i t y  o f  sperm was a l s o  a f f e c t e d  by a c i d i t y .
W i t h  an i n c u b a t i o n  medium o f  pH 4 . 2 ,  t h e r e  were  s i g n i f ­
i c a n t l y  f e w e r  s p o r o p h y t e s  f o r me d  t h a n  i n  an i n c u b a t i o n
i n
medium o f  pH 5 , 8 .  T h e r e  was no d i f f e r e n c e  i n  t h e  p e r c e n t  
o f  v i a b l e  megaspor es  o r  t h e  p e r c e n t  megaspore  r e t e n t i o n .
The mechan i sm c o n t r o l l i n g  g e r m i n a t i o n  i s  n o t  known.  
F r e e z i n g  Phase 3 s p o r o c a r p s  f o r  f o u r  weeks and p l a c i n g  
t hem i n  w a t e r  f o r  two months  p r o d u c e d  no r e s u l t s .  One 
s p o r o c a r p  g e r m i n a t e d ,  b u t  t h a t  was p r o b a b l y  due t o  f u n g a l  
o r  b a c t e r i a l  a c t i v i t y  wh i c h  s u f f i c i e n t l y  s c a r i f i e d  t h e  
s p o r o c a r p .
A l t h o u g h  t h e  e x p e r i m e n t  i n  w h i c h  21 Phase 3 s p o r o c a r p s  
and 21 Phase 2 s p o r o c a r p s  were p l a c e d  i n  w a t e r  f o r  f i v e  
mon t hs  p r o d u c e d  no i n f o r m a t i o n  on f a c t o r s  i n v o l v e d  i n  
g e r m i n a t i o n ,  i t  p r o v i d e d  e v i d e n c e  t o  s u p p o r t  t h e  f a c t  
t h a t  Phase 2 s p o r o c a r p  w a l l s  a r e  n o t  i m p e r v i o u s  t o  t h e  
e n v i r o n m e n t .  A l o t  o f  f u n g a l  a c t i v i t y  was n o t i c e a b l e  on 
t h e  w a l l s  o f  Phase 2 s p o r o c a r p s ,  b u t  n o t  on t h e  w a l l s  o f  
Phase 3 s p o r o c a r p s .  T h i s  w o u l d  s u g g e s t  t h a t  t h e  s p o r o c a r p  
was b e i n g  u t i l i z e d  by t h e  f u n g i . In f a c t ,  t h e  c e l l s  o f  
t h e  s o r o p h o r e  a r e  f i l l e d  w i t h  c a r b o h y d r a t e s  c o n t a i n i n g  
t h e  s u g a r s ,  rhamnose and a r a b i  nose ( B i l d e r b a c k ,  p e r s o n a l  
communi  c a t i  o n ) .
CHAPTER V 
SUMMARY
Q u a n t i t a t i v e  and q u a l i t a t i v e  f i e l d  d a t a  and q u a n ­
t i t a t i v e  d a t a  f r o m  l a b o r a t o r y  e x p e r i m e n t s  have p r o v i d e d  
i n f o r m a t i o n  on t h e  a u t e c o l o g y  and r e p r o d u c t i v e  b i o l o g y  
o f  M a r s i 1ea v e s t i  t a  Hook.  e t .  G r e v .
V e g e t a t i v e l y , M a r s i 1ea has a r e q u i r e m e n t  f o r  a 
c e r t a i n  amount  o f  s o i l  m o i s t u r e ,  i n t e r m e d i a t e  be tween 
d r y  and w a t e r - l o g g e d  c o n d i t i o n s .  The l e a v e s  can n o t  
e n d u r e  s ub mer gence  f o r  an e x t e n d e d  l e n g t h  o f  t i m e .  The 
f l u c t u a t i n g  e n v i r o n m e n t  o f  man-made r e s e r v o i r s  i s  a 
n e c e s s a r y  e l e m e n t  i n  t h e  s u r v i v a l  o f  t h e  s p e c i e s .  M a r s i 1ea 
was n o t  f o u n d  i n  t h e  ponds s u r r o u n d i n g  t h e  r e s e r v o i r  where 
t h e  w a t e r  does n o t  f l u c t u a t e  d r a m a t i c a l l y  as i n  t h e  
r e s e r v o i  r .
Mar s i l ea e x h i b i t e d  i t s  h e t e r o p h y l l i e  and h e t e r o -  
b l a s t i c  l e a f  c o n d i t i o n s  i n  t h e  f i e l d .  The l a n d  f o r m  was 
a l w a y s  p r e s e n t .  The f l o a t i n g  and submerged f o r ms  o c c u r r e d  
when t h e  w a t e r  c o v e r e d  t h e  t r a n s e c t s  i n  J u l y .  The j u v e n i l e  
b i f i d  l e a f  was o b s e r v e d  a l o n g  w i t h  t h e  a d u l t  q u a d r i f i d  
l e a f .  D u r i n g  A u g u s t ,  l o b i n g  o f  t h e  l a n d  f o r m  l e a v e s  was 
o b s e r v e d  i n  zones  n e a r  t h e  s t a n d i n g  w a t e r .  T h i s  was due 
t o  a change  i n  t h e  s o i l  m o i s t u r e  c o n t e n t .
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When c o n d i t i o n s  were f a v o r a b l e  f o r  t h e  v e g e t a t i v e  
g r o w t h ,  t h e y  were  a l s o  f a v o r a b l e  f o r  t h e  p r o d u c t i o n  o f  
Phase 1 s p o r o c a r p s .  The c o n d i t i o n s  f a v o r a b l e  f o r  t h e  
i n i t i a t i o n  o f  s p o r o c a r p s  were n o t  f a v o r a b l e  f o r  t h e  
m a t u r a t i o n  o f  s p o r o c a r p s .  S p o r o c a r p s  need a r e l a t i v e l y  
h i g h  s o i l  m o i s t u r e  c o n t e n t  t o  d e v e l o p  i n i t i a l l y ,  b u t  
a r e l a t i v e l y  l ow s o i l  m o i s t u r e  c o n t e n t  t o  m a t u r e .
The maximum number  o f  g e r m i n a t e d  s p o r o c a r p s  o c c u r r e d  
i n  m i d - J u n e  i n  w a t e r .  A l l  o f  t h e  g e r m i n a t e d  s p o r o c a r p s ,  
w h i c h  we r e  Phase 3 s p o r o c a r p s , g e r m i n a t e d  a t  t h e  same 
t i m e  o f  t h e  y e a r ,  d u r i n g  t h e  month o f  June .  They c o m p l e t e d  
t h e  s c a r i f i c a t i o n  p r o c e s s  d u r i n g  t h e  w i n t e r  months  p o s s i b l y  
due t o  f u n g a l  o r  b a c t e r i a l  a c t i v i t y .
T h e r e  was no d i f f e r e n c e  i n  t h e  v i a b i l i t y  o f  t he  
Phase 3 s p o r o c a r p s  t h a t  had d e v e l o p e d  i n  d i f f e r e n t  zones 
o f  d i f f e r e n t  t r a n s e c t s .  The a v e r a g e  p e r c e n t  megagameto­
phy t e s  f o r m e d  f r o m  Phase 3 s p o r o c a r p s  was 4 9 . 8  + 3.9% 
and t h e  a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  f o r me d  was 4 4 . 6  + 
4.1%.
I n  Phase 2 s p o r o c a r p s ,  r e g a r d l e s s  o f  t h e  zone i n  
w h i c h  t h e y  d e v e l o p e d ,  t h e  p e r c e n t  s p o r o p h y t e s  f o r med  
p e r  s p o r o c a r p  was t h e  same.  Th e r e  was a h i g h e r  p e r c e n t  
o f  meg ag ame t o ph y t e s  f o r me d  f r o m  Phase 2 s p o r o c a r p s  t h a t  
d e v e l o p e d  i n  zones 1 and 2 t h a n  i n  zones 3 and 4.  T h i s  
c o u l d  r e f l e c t  t h e  f a c t  t h a t  Phase 2 s p o r o c a r p s  f r o m
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zones  1 and 2 wer e  more m a t u r e  t h a n  t h e  Phase 2 s p o r o c a r p s  
f r o m  zones  3 and 4.
T h e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  o f  megaga­
me t o p h y  t e s  f o r m e d  t h a n  s p o r o p h y t e s  f r o m Phase 2 s p o r o c a r p s .  
T h e r e  a r e  t h r e e  p o s s i b i l i t i e s :  ( 1 )  The m i c r o s p o r e s  r ema i n e d  
w i t h i n  t h e  s p o r o c a r p  w a l l ,  t h u s  p r e v e n t i n g  f e r t i l i z a t i o n .
( 2 )  The m i c r o s p o r e s  were  r e t a i n e d  w i t h i n  t h e  s p o r o c a r p  
w a l l  u n t i l  t h e y  d e v e l o p e d  i n t o  m i c r o g a m e t o p h y t e s . T h i s  
a l s o  w o u l d  p r e v e n t  f e r t i l i z a t i o n  due t o  t h e  i n a c t i v a t i o n  
o f  t h e  sperm o r  t h e  l o s s  o f  r e c e p t i v e n e s s  o f  t h e  egg.
( 3 )  The m i c r o s p o r e s  were  t o o  i mma t u r e  a t  t h a t  p o i n t  i n  
d e v e l o p m e n t  t o  f o r m  m i c r o g a m e t o p h y t e s .
Phase 2 s p o r o c a r p s  were  n o t  r e a d y  f o r  g e r m i n a t i o n  
i n  t h e  f a l l  o f  t h e  season t h a t  t h e y  wer e  p r o d u c e d .  The 
p e r c e n t  meg ag ame t o ph y t e s  and s p o r o p h y t e s  f o r med  were 
s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  Phase 3 s p o r o c a r p s  due 
t o  t h e  f a c t  t h a t  t h e r e  was a s i g n i f i c a n t l y  h i g h e r  p e r c e n t  
o f  megaspor es  r e t a i n e d  i n  t h e  Phase 2 s p o r o c a r p  w a l l s  
t h a n  i n  Phase 3 s p o r o c a r p  w a l l s .  The a v e r a g e  p e r c e n t  o f  
m e g a g a me t o p h y t e s  f o r me d  i n  Phase 2 s p o r o c a r p s  was 8 . 8  +
2.4% and t h e  a v e r a g e  p e r c e n t  o f  s p o r o p h y t e s  f o r med  was 
1 . 2  + 1 . 1%.
I f  Phase 2 s p o r o c a r p s  were t r e a t e d  w i t h  h e a t  a t  60*C 
f o r  12 h o u r s , g e r m i n a t i o n  p r o c e e d e d  n o r m a l l y  as w i t h  
Phase 3 s p o r o c a r p s ,  w i t h  c o m p a r a b l e  p e r c e n t  v i a b i l i t y .
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I f  Phase 2 s p o r o c a r p s  a r e  s u b j e c t e d  t o  f r e e z i n g  t e m p e r ­
a t u r e s  b e f o r e  a h e a t  t r e a t m e n t ,  g e r m i n a t i o n  i s  i n h i b i t e d ,  
and p e r c e n t  v i a b i l i t y  I s  c o m p a r a b l e  t o  u n t r e a t e d  Phase 2 
s p o r o c a r p s .  A h e a t  t r e a t m e n t  i s  n o t  t h e  o n l y  f a c t o r  i n  
s p o r o c a r p  m a t u r a t i o n .  Th e r e  must  be a s u f f i c i e n t  d e p o s i t i o n  
o f  m a t e r i a l s  i n  t h e  s p o r o c a r p  w a l l  t o  i n s u r e  i m p e r v i o u s n e s s  
t o  t h e  e n v i r o n m e n t .
The v i a b i l i t y  o f  sperm i s  a f f e c t e d  by a c i d i t y .  A t  
a pH 4 . 2 ,  v i a b i l i t y  i s  s i g n i f i c a n t l y  l o w e r  t h a n  a t  a pH 
5 . 8 .
Mechan i sms  c o n t r o l l i n g  g e r m i n a t i o n  a r e  n o t  known.
From g e r m i n a t i o n  s t u d i e s ,  t h e r e  was e v i d e n c e  t o  s u p p o r t  
t h e  f a c t  t h a t  Phase 2 s p o r o c a r p  w a l l s  a r e  n o t  i m p e r v i o u s  
t o  t h e  e n v i r o n m e n t .  A l a r g e  amount  o f  f u n g u s  grew on 
t h e  w a l l s  o f  Phase 2 s p o r o c a r p s  b u t  n o t  on t h e  w a l l s  
o f  Phase 3 s p o r o c a r p s .
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APPENDIX A 
C l i m a t i c  Data f rom Po i son ,  Montana 1
TOTAL PRECIPITATION
J F M A M J J A S 0 N D ANN
Years 10 10 10 10 10 10 10 10 10 10 10 10
1951-1960 1.15 1.10 0.68 1 .25 2.47 2.13 1.21 1.15 1 .28 1 .23 1.15 1 .08 15.88
Years 50 50 50 50 50 50 50 50 50 50 50 50
1911-1960 1.11 0.93 0.94 1.17 1.74 2.24 1 .02 0.94 1 .32 1 .23 1 .26 1 .24 15.14
MEAN TEMPERATURE 
J F M A M J J A S 0 N D ANN
Years 9 10 10 10 10 10 10 10 9 9 10 9
1951-1960 25.6 28.8 33.6 44.2 52.4 58.7 66.4 65.0 56.7 45.3 33.9 29.8 45.0
Years 47 48 48 48 48 48 48 48 47 47 48 47
1911-1960 24.1 27.7 33.2 44.7 52.7 59.9 67.5 65.8 56.2 46.1 34.7 28.6 45.1
MEAN DAILY MAXIMUM 
J F M A M J J A S 0 N D ANN
Years 9 9 9 9 9 9 9 9 9 9 9 9
1952-1960 31 .8 36.1 42.8 55.4 64.5 71 .4 81 .9 79.7 69.4 55.0 41 .1 35.8 55.4
Years 47 47 47 47 47 47 47 47 47 47 47 47
1912-1960 30.3 34.9 44.1 55.4 64.8 72.4 82.2 80.3 68.5 56.4 41 .8 34.3 55.5
^From Cl i n i a tography o f the 1Uni ted St a t es , Se r i es  86 11-21 roo
Appendix A ( c o n ' t . )  
MEAN DAILY MINIMUM
J F M A M J J A S 0 N D ANN
Years 9 9 9 9 9 9 9 9 9 9 9 9
1952-1960 19.3 21 .3 24.4 32.9 40.2 46.0 50.8 50.3 43.9 35.5 26.7 23.8 34.6
Years 47 47 47 47 47 47 47 47 47 47 47 47
1912-1960 17.8 20.4 26.6 34.0 40.5 47 .4 52.8 51 .3 43.9 35.7 27.6 22.9 35.1
HIGHEST TEMPERATURE
J F M A M J J A S 0 N D ANN
Years 9 9 9 9 9 9 9 9 9 9 9 9
1952-1960 58 63 70 76 87 90 104 95 89 79 65 62 104
Years 47 47 47 47 47 47 47 47 47 47 47 47
1912-1960 58 65 72 84 90 98 104 100 93 82 67 62 104
LOWEST TEMPERATURE
J F M A M J J A S 0 N D ANN
Years 9 9 9 9 9 9 9 9 9 9 9 9
1952-1960 -26 -18 -10 14 17 30 37 37 29 20 -21 -8 -26
Years 47 47 47 47 47 47 47 47 47 47 47 47
1912-1960 -30 -27 -10 -1 17 26 37 31 16 1 -21 -22 -30
l \ )
COMPUTER 
MEANS AND
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APPENDIX B
PROGRAM FOR COMPUTING 
CONFIDENCE INTERVALS
J7 0 0  
1 8 0 0  
1 9 0 0  
2 0 0 0  
2100 
2200 
2 3 0 0  
2 4 0 0  
2 5 0 0  
2600 
27 0 0  
2 3  0 0  
29 0  0 
3 0 0 0
3 1 0 0
3 1 0 1
3 1 0 2
3 1 0 3
3 1 0 4  
31 07 
31 08  
31 i 1 
3 1 1 2  
31 13 
31 14  
31 15 
3 2 0 0  
3 2 0 7  
3 2 0 5  
3 2 0 9  
3 3 0 0  
3 5 0 0  
3 6 0 0  
37 0 0  
3 8 0 0  
39  0 0  
3 9 4 0  
39 5 0
T î F î ^  2 3  0 0
SUM
" S T D .  ER.
", Q
READ X 
I F  X= 9 9 9 9 9 9  
L E T  S = S + X  
L E T  S 1 = S H - X ^ X  
L E T N = N+ 1 
GO TO 17 0 0  
L E T  M = S / N
L E T  V= ( N * S 1 - S * S ) / N / C N - 1) 
L E T  S 3 =  SQRCV)
L E T  5 4 =  5 Q R ( V / N )
P R I M T  " N UM B ER " ,
P R I N T  N ,  S ,  S i , M ,  V 
P R I N T
L E T  Q = S 3 / M  
P R I N T  " S T D . D E V . "
P R I N T  S 3 ,  5 4 ,  "
I F  N = 9 6  THEN 3 108  
I F  N= 9  1 THE.N 3 1 1 2  
I F  N = 5  THEN 3 1 1 4  
GOTO 3 3 0 0
T= 1 . 9 8 5 4  r
GOTO 3 2 0 7  : -
T= 1 . 9  5 67 
GOTO 3 2 0 7  ' '
T= 2 . 7 7 6 4  
GOTO 3 2 0 7
P R I N T  S 3 ,  5 4 ,  "  " ,  Q
L E T  G 1= S4*T +M 
L E T  G 2=
P R I N T  G 
P R I N T  
READ X 
I F  X = 9 9 9 9 9 9  
L E T  S = 0  
L E T  5 1 = 0  
L E T  N = 0  
GOTO 19 0 0  
S T O P
SUM OF SO.  " ,  " M " ,  "VAR'
M " C O E F F V
M- S4''i^T 
1 , M , G 2
T H E N 3 9 5 0
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APPENDIX C
Compu t e r  Program f o r  Comput i ng  R e g r e s s i o n  L i n e s '
2 5 0  READ N 
2 6 0  FOR I = 1 TO M
2 7  0  READ X , Y
2 B 0  L E T  XI  = XI  + X
2 9 0  L E T  Y i  = Y1 + Y
3 0 0  l e t  X2 = X2 + X*X
3 1 0  L E T  Y2  •- Y2  + Y*Y
3 2 0 ,  l e t  Z = Z + X*Y
5 3 0  NEXT I
3 ^ 0  L E T  S i  = N * X 2  -  XI *X1
3 5 0  L E T  5 2  = N * Z  -  XlH'Yl
3 6 0  L E T  B = S 2 / S 1  
3 7 0  L E T Y 3  = Y l / N
3 8 0  L E T  X3 = X l / N
3 9 0  L E T  B Î  = Y3  -  B * X 3
4 0 0  L E T  Ml  = N -  1
4 1 0  L E T  N 2  = N 1 -  1
4 2 0  L E T S 3  = ( Y 2  -  Y i * Y 3  -  B + S 2 / N ' )
4 3 0  L E T  5 4  = S 3 / N 2
4 3 5  L E T  5 5  = N * Y 2  -  Y1*Y1.
4 3 7  L E T  R5  = - 5 2 / S Q RC 51 * 5 5 )
, 4 3 8  L E T  R 6 =  R 5 * R 5  .
4 4 0  P R I N T  ’’NUMBER = ” N ,  ;%5L0PE = " E
4 5 0  P R I N T  "MEAN OF X -  " X Î / N ,  " OF  Y = " Y l / N
4 6 0  P R I N T  " Y - I N T E R C E P T  = " B 1
4 7 0  P R I N T  " 5 U M - 0 F - S Q U A R E S " ^ " T O T A L " ,  Y2
4 8 0  P R I N T  "  " ,  " M E A N " ,  Y3+Y1
4 9 0  P R I N T  "  " ,  " S L O P E " ,  B * £ 2 / N
5 0 0  P R I N T  "  " ,  " R E S I D U A L ” ,  S 3
5 1 0  P R I N T  "STANDARD D E V I A T I O N S "
5 2 0  P R I N T  "  " ,  " X  " ,  S Q R C S l / N / N l )
5 3 0  P R I N T  "  " ,  " Y  " ,  SQRCCY2 -  Y l % Y 3 ) / N 1)
5 4 0  P R I N T  "  " ,  " E R R O R " ,  S Q R < S 4 )
5 5 0  P R I N T  "  " ,  " Y - E A R " ,  S Q H C S 4 / N )
5 6 0  P R I N T  "  " ,  " S L O P E " ,  S Q R C S 4 / S 1 * N )
5 7 0  P R I N T  " F - R A T 10 FOR S L O P E  = "  E ^ S 2 / N / S 4
5 7 5  P R I N T  "  R 5 = "  R5
5 7 6  P R I N T  "  R 6 = "  R6 
5 8 0  STOP
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APPENDIX D
Co mpu t e r  Program f o r  t h e  K r u s k u l - W a l l l s  T e s t
7 0 0  FOR t =  Î TO C
7 1 0  FOR I = G C T - 1 > + |  TO G ( T ) .
7 2 0  FOR L = i  TO M-1
7 3 0  I F  X C I ) o K ( L )  THEN 7 6 0
7 4 0  Z = Z + R ( L )
7 5 0  GOTO 7 7 0  
7 6 0  NEXT L 
7 7  0 NEXT I
7 8 0  D C T ) = 2
7 8 1  P R I N T  T*») D C T > / N  i ;  " J  C l  $ ( T )
7 9 0  Z “ 0
8 0 0  NEXT T
8 1 0  FOR T = 1  TO 0
8 2 0  E = E + ( ( D ( T ) T 2 ) / B ( T ) )
8 3 0  NEXT T .
8 4 0  K = ( ( 1 2 / ( N * ( N + 1 ) ) ) + E ) - ( 3 * ( N + 1 ) )
8 5 0  H 1 = H / C 1 - ( H 2 / < N T 3 - N ) >>
8 6 0  P R I N T  *’H ' = " ; H 1
8 6  1 ' P R I N T * ' R E J E C T  H0 I F  H  • >  = ‘S* D 1 ;  ALPHA= " E  1
8 7 0  F OR  T = 1  TO C
8 8 0  FOR I = T+ 1 TO C_ _____
8 9 0
9 1 0  P ( T , I ) = A E S ( D ( T ) / N i - D ( I ) / N l )
9 2 0  NEXT I 
9 3 0  NEXT T 
9 4 0  FOR T = i  TO C 
9 5 0  FOR I = T + 1 TO C
9 6 0  P R I N T  " P C " ;  T ;  ' " i ;  " )  = "  P ( T ,  I )
9 7 0  NEXT I 
9 8 0  NEXT T
9 9 9  READ U
1 0 0 0  3 = U * ( S 0 R ( C C * C C * N 1 + 1 ) ) / 1 2 ) )
1 0 1 0  P R I N T  " S = " S
1 0 1 1  P R I N T
1 0 2 0  FOR L = 1 TO M - 1 
1 0 4 0  NEXT L
a p p e n d i x  e
COMPUTER program FOR THE MULTIPLE COMPARISONS TEST
1 DIM A ( 5 0 0 ) , X ( 5 E 0 ) , K ( 5 0 0 ) , J ( 5 0 0 ) , R ( 5 0 0 )
2 DIM B ( 1 8 ) ^ G ( 1 8 ) , P ( 1 8 , 1 8 ) , D ( 1 8 ) , C 1 S ( 1 6 )
3 READ M 1 , C
4  DIM B 1 S C 5 0 )
6  FOR 1=1  TO C
7 B C I > = N 1
5 NEXT I 
9  N = N l * C
V 1 2  F OR  T = 1 TO C .
1 4  NEXT T
17  READ D 1 , E 1
1 8  F OR  1=1  TO N 
2 0  READ X ( I )
2 5  AC I ) = X f I >
2 6  NEXT I
5 0  F OR  1=1  TO M = 1 
6 0  FOR K 1 = 1 + 1  TO N 
7 0  i F  A C I ) < = A ( K 1 ) t h e n  1 1 0  
8 0  F = A C I )
9 0  AC I )  = A C K 1)
1 0 0  A C K 1 ) = F  .
1 1 0  NEXT K 1 
1 3 0  NEXT I 
3 0 0  L = 1
3 10 FOR 1=1  TO N -  _
3 2 0  I F  - A C  I 9 = A 8 1 + 1 )  ■t h e n  3 3 0
3 2 1  J C L ) = I  .
3 2 2  K C L ) = A C I )
3 2 9  L = L + 1
3 3 0  NEXT I 
3 3  1 M=L
5 0 0  FOR L = 1 . TO M - 1 -
5 1 0  I F  J ( L ) - 0 CL“ i ) = 1  T h e n  5 8 0
5 2 0  FOR 1 = 0 TO C J C L ) " J C L = 1 ) ) -  1
5 3 0  Q = ( J ( L ) “ I ) + Q
5 4 0  NEXT I
5 5 0  R C L ) = Q / C J ( L ) - J C L - 1 ) )
5 5 5  H 2 = H 2  + C C J C L ) " J C L - 1 ) ) ^ 3 - C J C L ) - J C L - 1 ) ) )
5 6  0 Q= 0
5 7 0  GOTO 5 9 0
5 8 0  R C L ) = J C L )
5 9 0  NEXT L
6 5 0  FOR 1=1 TO C
6 6 0  ,0 = 0+BC I )
6 7 0  G C I ) = 0  
6 8 0  NEXT I 
7 0 0  FOR T=1  TO C
